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Abstract 

A wide range of therapeutic strategies are available for the therapy of hearing disorders including 
pharmaceutical, acoustic, electrical, surgical, radiological, cognitive-behavioural and so-called 
"alternative" strategies. Tliis review focuses on general conservative strategies and specific 
therapeutic approaches mainly for inner ear disorders, whereas surgical and device-based therapies 
including hearing aids and cochlear implants are described in other chapters in this volume. 

In addition to the systemic medication-based therapies for the treatment of hearing disorders, the 

rapidly growing field of local drug delivery to tiie inner ear as a promising tiierapeutic strategy is 
discussed on the background of unresolved issues. After description of non-drug-based therapeutic 
procedures, the conservative therapy of specific diseases and syndromes is reviewed. 

In general, there is a major discrepancy between promising animal studies up to regeneration and 
stem-cell transplantation, and uncontrolled experimental studies in humans on the one hand and the 
shortage of randomized controlled clinical trials with a high level of evidence on the other hand. 
Therefore, the review and comments on published clinical studies should assist the reader in making 
his/her own decision about the effectiveness of various, especially pharmaceutical treatments. From a 
critical analysis - particularly of the clinical studies presented - conclusions are drawn for the therapy of 
hearing disorders in the future. 
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dB - Decibel 

DGHNO - German Society for Otorliinolaryngology, Head and Necl< Surgery 
HBO - Hyperbaric oxygen tlierapy/ liyperbaric oxygenation 
ISSNHL - Idiopatliic sudden sensorineural hearing loss 
ITT - "lntent-to-treat"-analysis 
kHz - Kilohertz 

MRT - Magnetic resonance tomography 

PET - Positron emission tomography 

PP - "Per-Protocol" analysis 

PTA - Pure tone average 

RCT - Randomised controlled trial 

RWM - Round window membrane 

rTMS - Repetitive transcranial magnetic stimulation 

SNHL - Sensorineural hearing loss 

(s)AE - (serious) adverse event 

TRT - Tinnitus retraining therapy 

TDT - Tinnitus desensitization therapy 

CNS - Central nervous system 

1. Introduction 

Worldwide, hearing disorders number amongst the most frequently encountered chronic diseases. 

Many possibilities are available now to treat hearing disorders and assist in rehabilitation. These 
include pharmaceutical, acoustic, electrical, surgical, radiological, cognitive-behavioural and so-called 
"alternative" strategies. Optimal therapeutic results can often only be achieved by combining two or 
several of the above-mentioned therapeutic modalities. Since therapeutic results often remain 
unsatisfactory, particularly with chronic hearing disorders, numerous experimental approaches have 
been taken in addition to the ciinicaiiy established procedures. The following review focuses on 
conservative therapies and therapeutic approaches, whereas mainly surgical and device-based 
therapies using conventional or implantable hearing aids and cochlear implants are described in other 
chapters in this volume. This review shall also not delve into the therapy of (central) auditory 
processing disorders. The objective of this review is to describe the current status quo and variety of 
conservative therapeutic approaches and attempts to treat hearing disorders. The review and 
comments on clinical studies should assist the reader in making his/her own decision about the 
efficacy of various, especially pharmaceutical treatments, so that the decision process on choosing a 
therapy can be facilitated. This review should also enlighten on future therapeutic approaches and 
provide the impetus to carry out the clinical studies required to assess them. In view of the fact that 
several thousand publications exist just on the clinical aspects of drug-based hearing disorder therapy, 
it should be noted that in the present review only a small selection - albeit subjectively influenced - 
shall be able to be discussed. Firstly, various medication-based therapeutic procedures for treating 
hearing disorders in general shall be presented together with their mechanism of action and rationale 
for application. This approach has been chosen since repetition should be avoided as much as 
possible when discussing the treatment of specific conditions. A separate part has been dedicated to 
local drug delivery to the inner ear. After description of non-drug-based therapeutic procedures, the 
conservative therapy of specific diseases shall be dealt with. From a critical analysis - particularly of 
clinical studies that are already at hand - conclusions shall be drawn for future conservative therapy of 
hearing disorders. 
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2. Medication-based procedures I: systemic therapy 
2.1 Glucocorticoids and mineralocorticoids 

Glucocorticoids exert diverse effects on almost all organs. On the one hand glucocorticoid effects can 
be explained by a delayed, DNA-mediated induction protein biosynthesis after transformation of an 
intracellular glucocorticoid receptor, while on the other they are explained by immediately active 
effects via mechanisms that have remained unknown until now. In addition to conventional effects at 
physiological concentrations, the following effects can occur upon increased secretion during stress 
and upon tlierapeutic application at higher doses: antiproliferative effect (through suppression of 
collagen synthesis and fibroblast formation), anti-inflammatory effect (through blockade of 
proinflammatory mediators), immunosuppressive effect (e.g. through inhibition of the activation of T 
lymphocytes), improvement of microcirculation in shock (through raised responsiveness of the vessels 
to catecholamines), increase in thrombocyte numbers in the blood, increased excitability of the brain 
and a lowering of the seizure threshold, and a psychotropic, euphoric, and sometimes a depressive 
effect [1]. 

The blockade of inflammatory processes (anti-inflammatory effect) by glucocorticoids occurs 
independently of whether these can be attributed to bacterial, viral, immune-pathological, chemical, 
physical or ischemic-hypoxic causes. Thus a rational basis exists for the universal application of 
glucocorticoids for various cochlear-vestibular diseases such as acute hearing loss, 
autoimmune-associated hearing-loss, Meniere's disease, tinnitus and acoustic trauma independent of 
which specific pathological mechanism caused them. An extensive review on the effects of 
glucocorticoids in the cochlear-vestibular system and relevant studies was published by Lamm and 
Arnold (1999) [2]. 

In the inner ear there are receptors both for glucocorticoids and the other group of corticosteroids, the 
mineralocorticoids [3], [4], [5]. The effects of glucocorticoids are mediated via both receptors. Often 
used glucocorticoids show relative mineralocorticoid effects of 1.0 (hydrocortisone) or 0.6 (prednisone 
or prednisolone) compared to Cortisol. Others, such as methylprednisolone, dexamethasone or 
betamethasone show no relevant mineralocorticoid effect with a stronger anti-inflammatory effect 
compared to Cortisol [1]. The fact that cochlear-vestibular structures are affected by mineralocorticoids, 
in particular the vascular stria, must be considered when evaluating animal-experimental and clinical 
studies with different glucocorticoids. 

The maintenance of the Na/K balance in the inner ear fluids through the regulation of the 
Na/K-ATPase is of great importance for the normal functioning of the inner ear. This subtle balance 
can be disrupted with various inner ear disease processes, which via the sodium, calcium and 
chloride-associated water influx can lead to cell swelling and electrophysiologically detectable 
functional deficits. The influencing of ion transportation in the stria vascularis is considered to be an 
important aspect of the therapeutic effect of glucocorticoids and is the subject of much research at this 
time (see for example the papers of Wangemann et al. [6]). A direct effect of glucocorticoids on the 
expression of Na/K-ATPase was presumed by Curtis et al. (1993) [7]. However, more recent studies 
with glucocorticoid-receptor-knockout-mice were not able to find any changes in the distribution 
pattern of this ion transporter [8]. 

Of importance to note are experiments demonstrating that Aldosterone (a mineralocorticoid) is 
equivalent to prednisolone (a glucocorticoid) in reversing hearing loss in MRL/MpJ-Faslpr 
autoimmune mice [9], [10], [1 1] and that "Spironolactone effectively blocked prednisolone from 
improving hearing in MRL/MpJ-Faslpr autoimmune mice". The authors concluded that "the inner ear 
mineralocorticoid receptor is the therapeutic target for corticosteroids used to treat autoimmune and 
sudden sensorineural hearing loss" and that "pharmacologic treatments that selectively target the 
mineralocorticoid receptor may provide greater clinical benefit with fewer systemic side effects than 
prednisone in patients with autoimmune sensorineural hearing loss" [12]. 

Alongside the Na/K-ATPase, aquaporins ("water channels") play an important role in the 
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homoeostasis of the inner ear fluids. Tine results of more recent animal-experimental studies have 
revealed an upregulation of aquaporin 1 and 3 -mRNA in the cochlea and endolymphatic sac of the rat 
after intratympanic or intraperitoneal application of glucocorticoids. This suggests that the mode of 
action of glucocorticoids in water regulation in the inner ear involves aquaporins, and that the latter 
may represent a target for the local and systemic therapy of inner ear disorders involving dysregulation 
of fluid volume (e.g. with Meniere's disease) [13], [14]. 

In addition to animal-experimental studies described here on the effects of glucocorticoids in the inner 
ear, a number of clinical studies have pointed towards a therapeutic efficacy also in man. The few 
clinical studies on idiopathic sudden senorineural hearing loss (ISSNHL) that have compared the 
efficacy of glucocorticoids with placebo or null therapy have produced inconsistent results. 

Mattox and Simmons (1977) report that amongst patients who were treated with glucocorticoids, 25 of 
45 (56 %) achieved a "good" or full remission, although patients without therapy also showed a similar 
recovery rate (16 of 28, 57 %) [15]. Wilson et al. in their double-blind, randomised study showed a 
remission rate of 61 % during therapy with glucocorticoids (dexamethasone or methylprednisolone) 
compared to placebo (32 %) or null therapy (56 %). The methylprednisolone group showed 
proportionally many more patients with remissions than the dexamethasone group [16]. Moskowitz et 
al. achieved a recovery of hearing in 24 of 27 patients (83 %) treated with dexamethasone, a situation 
observed in only 4 of 9 patients (44 %) without therapy [17]. Veldmann et al. observed a recovery of 
hearing in half of the 12 patients treated with prednisone as opposed to 6 of 19 patients (32 %) for 
whom a recovery was observed without therapy [18]. The most extensive study until now on the 
efficacy of glucocorticoids was published by Alexiou et al. (2001). In a retrospective cohort study (see 
5.1 .2) the authors found that after therapy with prednisolone as an adjunct to an intravenous 
rheological therapy, a significantly better hearing-recovery was seen in the frequency range < 2000 Hz 
or when the hearing-loss was pancochlear [19]. 

In summary, the observations from previous clinically-controlled studies indicate an efficacy of 
glucocorticoids in the treatment of idiopathic sudden senorineural hearing loss (ISSNHL). A 
meta-analysis of the Cochrane-Collaboration on the subject "Steroids for idiopatliic sudden 
sensorineural liearing loss" is currently being prepared. The results, however were not available at the 
time of printing. 

2.2 Rheological therapy 

An intact microcirculation is necessary to allow an optimum supply of the inner ear with oxygen and 
energy substrates and an optimal removal of metabolic products. The improvement in flow-behaviour 
of the blood is the goal of a therapeutic improvement of the microcirculation with inner ear diseases. 
The flow-behaviour is determined by the flow conditions and the flow properties of the blood. While the 
flow properties are defined by rheological parameters, particularly plasma viscosity, but also 
erythrocyte rigidity amongst other things, the flow conditions of the blood are determined by the 
angioarchitecture, the perfusion pressure and functional vessel factors. A review and glossary relating 
to the inner ear was published by Lamm and Arnold in 1993 (also including other references [20]). 

2.2.1 Dextran 

Dextran preparations (a-glucosidically bonded polysaccharides with glucose as the monomer) exert a 
marked volume effect, and are therefore contraindicated with cardiac insufficiency. "Low-molecular 
weight dextran" (Dextran 40) can improve the microcirculation. Erythrocyte and thrombocyte 
aggregation are decreased. With hypen/olemic haemodilution by infusion with dextran and other 
colloidal solutions (e.g. HES, see below) the haematocrit is reduced, and therefore also the blood 
viscosity. However, anaphylactic reactions are observed after dextran application at a frequency of 
0.03 % that can be avoided by pretreatment with dextran 1 (mean molecular weight of 1000), the 
so-called Hapten-dextran (Promit®), that blocks dextran-reactive IgG antibodies. 

Probst et al. found no difference regarding hearing recovery after acoustic trauma or acute hearing 
loss when patients were treated with dextran and pentoxifylline, with 0.9 % saline and pentoxifylline, or 
with 0.9 % saline and placebo [21]. For other clinical studies on the therapy of acute hearing loss with 
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dextran see Table 1 (Tab. 1). Possible serious side effects that have also been reported therapy of 
ISSNHL using Dextran must be considered and weighed against it's possible benefits [22], [23]. 

2.2.2 Hydroxyethyl-starch 

Hydroxyethyl-starch solutions (HES) are pharmacologically similar to dextran solutions. The influence 
on blood coagulation is distinctly reduced and serious anaphylactic reactions occur much more rarely. 
However, the dose-dependent, continuous and therapeutically resistant itch appearing as a side-effect 
in a large number of patients treated with HES due to the deposition of HES molecules in the skin 
must be considered [24], [25], [26], [27], [28]. The risk-benefit scenario of a therapy with HES should 
therefore be carefully considered. For clinical studies see Table 1 (Tab. 1) and part 5. 

2.2.3 Pentoxifylline and naftidrofuryl 

With these substances used particularly for the therapy of peripheral circulation disorders, the non 
vasodilatory effects are of key importance. These include: the reduction of blood viscosity; the 
improvement of erythrocyte fluidity; a disaggregation of thrombocyte aggregates; a thrombocyte 
aggregation inhibiting effect. However, Probst et al (1992) found no superiority of therapy with 
pentoxifylline in 0.9 % saline compared to placebo in 0.9 % saline in a prospective, randomised study 
on the therapy of ISSNHL and acoustic trauma [21]. For further studies on these medications see 
Table 1 (Tab. 1). 

2.3 Vasodilatory substances 

Systemic therapy using substances witli a primary vasodilatory effect for acute inner ear diseases is 
contraindicated according to our current state of knowledge. When using vasodilatory medications in 
particular the arterial circulation of the inner ear can even be impaired by "vascular steal effects" [29], 
[30]. The currently used therapeutic doses of calcium channel blockers number amongst these 
medications, as do higher doses of prostaglandins and other derivatives of arachidonate metabolism. 

Calcium channel blockers of the 1,4-dihydropyridine type (e.g. nifedipine, mimodipine), the 
verapamil type or the diltiazem type lead (in addition to their negatively inotropic effect on heart 
muscle) to a reduction in tone of the smooth vessel musculature and with that to a vasodilatation. In 
two prospective, randomised trials, therapy with the calcium channel blockers nimodipine or nifedipine 
was equivalent to therapy with naftidrofuryl in HES or naftidrofuryl in physiological saline [31], [32]. 

Prostaglandin (PGE ) and prostacyclin (PGI ) or their analogues were also tested in clinical studies 
on ISSNHL. While NaVashima et al. (1989, Pcfe ), Michel and Matthias (1991, prostacyclin analogues) 
and Ogawa et al. (2002, PGE ) found no benefit of these drugs in placebo controlled or therapy 
comparison studies, Olszewski et al. (1990) reported a clear superiority for prostacyclin (PGI ) 
compared to placebo [33], [34], [35], [36]. It must be noted here that PGI in particular also exerts a 
thrombocyte aggregation inhibiting effect. 

A meta-analysis of the Cochrane-Collaboration on the topic "Vasodilator-agents for acute hearing loss" 
is being prepared. The results of this study were still unpublished at the time of printing. 

Of special interest are approaches designed to specifically influence intracochlear vessels such as the 
spiral modiolar artery. Recent in vitro experiments by Scherer and Wangemann et al. (2002) found 
Rho-Kinase to be a possible target for influencing endothelin-mediated vasospasms in the gerbil spiral 
modiolar artery [37]. 

2.4 lonotropic therapy 

The treatment of inner ear disorders and their symptoms with local anaesthetics such as lidocaine 
was already proposed many decades ago (see for example Barany 1935, [38]). With tinnitus therapy 
in particular it has been applied again and again, as it has been for ISSNHL. Although it is particularly 
effective with tinnitus, its specific mode of action remains unknown. The suggested mechanisms 
include (a) an inhibitory effect on the Na* channel, (b) an influencing of Ca^*, Mg^*-ATPase and active 
Ca^VNa* exchange in synaptosomes and (c) an effect on K* channels [39]. Various 
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animal-experimental and clinical investigations with measurement of cochlear microphonics, sum 
mating action potentials, inter-peak latencies in brainstem response audiometry, and the activity of 
tinnitus-associated cortical regions allow us to assume that local anaesthetics bring about effects in 
several areas of the auditory system: at the outer and inner hair cells, at the auditory nerve and in 
central areas of the auditory pathway [39], [40]. A placebo-controlled study on the therapy of acute 
hearing loss with i.v. procaine in dextran solution (albeit with a small patient collective) did not show 
any benefit of this therapeutic mode [41]. 

Pharmacological intervention with calcium channel blockers e.g. with acoustic hyperstimulation 
involving excessive glutamate release and subsequent excitotoxicity is in principle conceivable. One 
could modulate for example calcium influx through voltage-avtivated calcium channels that induce the 
exocytosis of glutamate [42]. More than 90 % of these Ca^* channels belong to the class D L-type Ca^* 
(Ca 1 .3) channels [43], [44]. Since the sensitivity of the Ca^* channels in the inner hair cell towards 
known L-type Ca^* channel blockers (nimodioin, nifedipine, verapamil, diltiazem) is much too low 
compared to usual therapeutic plasma levels and selective antagonists are not yet known for class D 
Ca^* channels, a pharmacological intervention is not currently possible at this level. This is also 
supported by animal experiments in which nimodipine application conferred no protection against 
noise damage [45]. 

2.5 Reduction of endolymph volume 

Clinical studies have shown that acute low frequency hearing loss, especially with electrophysiological 
indicators of a probable endolymphatic hydrops, can be better treated with a dehydration therapy than 
with a rheologically-based therapy [46]. Mannitol is the main component of the dehydration therapy 
after Vollrath. This osmodiuretic is filtered by the glomeruli but is not or is only incompletely resorbed 
by the tubules, so that water is retained in the kidney tubules and diuresis occurs. In addition to 
intravenous mannitol therapy, the carbonic anhydrase inhibitor acetazolamide is also orally applied. 
Side effects such as hypokalaemia and displacement of the acid-base balance (metabolic acidosis) 
must be watched out for. 

2.6 Antioxidants 

Various factors such as acoustic trauma, hypoxia/ischemia, ototoxic medications and chemicals can 
lead in the cochlea to a disrupted balance between the formation of reactive oxygen and nitrogen 
species and endogenous antoxidative systems so that an oxidative stress can result [47], [48], [49], 
[50]. Cochlear injury induced by oxidative stress in animal experiments can be prevented or at least 
reduced by the application of antioxidants. Amongst the antioxidants that might feasibly be utilised in 
the treatment of acute damage to the central nervous system include vitamins (e.g. beta carotene as 
precursor of vitamin A, vitamin C, E), co-enzyme Q , melatonin, a-liponic acid, ebselen, superoxide 
dismutase and superoxide-dismutase like molecules, N-acetylcysteine, glutathione, metal ion 
chelators, lazaroids, uric acid, creatine, nicaraven and others. Although some of these compounds 
show potential benefits in animal experiments, most did not meet expectations in clinical trials [51]. 
Since the absence of evidence for efficacy does not prove ineffectiveness, these substances remain 
interesting for the therapy of acute inner ear disorders in particular. 

In a prospective, randomised study, Joachims et al. (2003) compared the effectiveness of additional 
application of vitamin E with their standard therapy for ISSNHL (prednisone, magnesium, carbogen). 
A more than 75% improvement in hearing threshold was achieved in the vitamin E group (26 of 33 
patients), while in the standard therapy group only 15 of 33 patients responded. This difference was 
statistically significant. The number of complete remissions was however almost identical in both 
groups. A current meta-analysis of randomised studies on the use of vitamin E (total number of 81 ,788 
patients) and beta carotene (total number of 138,1 13 patients) for the prevention of cardiovascular 
disease came to the conclusion that the application of beta carotene as a nutritional supplement 
should be actively discouraged because of the extra risks it entails (slightly increased mortality). The 
use of vitamin E also brought no benefit regarding cardiovascular end points [52], [53]. Considering 
the results of these meta-analysis, the application and clinical testing of vitamin A and E as 
antioxidants for the therapy of acute hearing disorders should therefore be put into question. 
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a-Liponic acid was earlier considered to be a vitamin, but is no longer so since a disorder associated 
with its deficiency has not yet been identified. Alpha-liponic acid is reduced intracellularly via various 
enzymes and in this way influences intracellular processes through its effect as a radical scavenger, 
its promotion of recycling of other antioxidants, its reinforcement of glutathione synthesis and its 
modulation of transcription factors including NFkB in particular [54]. A current meta-analysis of 
randomised studies (1,258 patients) confirmed the clinical experience that a diabetic neuropathy can 
be favourably influenced by supplementation of high doses of a-liponic acid [55]. Thus an approved 
efficacious antioxidant is currently available, even though it is not currently reimbursed by legal health 
insurances in Germany. Animal-experimental studies have verified the effectiveness of a-liponic acid 
in protecting the cochlea against oxidative stress by ototoxic medications [56], [57]. The therapeutic 
efficacy against acute inner ear events, such as acute hearing loss or acoustic trauma, should now be 
investigated in clinical studies. 

2.7 Thrombocyte aggregation inhibition 

The application of thrombocyte aggregation inhibitors employed for the acute therapy and prevention 
of cardiovascular diseases (e.g. acetyl salicylate) is also conceivable for the therapy of acute inner ear 
disorders where a vascular cause is suspected. Other agents such as prostaglandins and related 
products of arachidonate metabolism also inhibit thrombocyte aggregation. Weinaug (1988) reported 
on the treatment of 34 acute hearing loss patients with acetyl salicylate and meclofenoxate (a 
nootropic, see below) and found no benefit of this therapy regarding hearing performance compared to 
earlier results achieved with a null therapy [58]. With prostaglandins one must also take into account 
the vasodilatory effect with its possible "stealing effects" (see 2.3). 

2.8 Medication-based fibrinogen reduction 

Reduction of fibrinogen concentration presents a further possibility to improve the fluid flow properties 
of the blood by reducing plasma viscosity. The extracorporeal elimination of pathogenic proteins by 
apheresis confirmed in clinical studies is discussed in part 4.1. With medication-based fibrinogen 
reduction, protease snake toxins such as batroxobin from the common lancehead Bothrops atrox are 
used that cleave fibrinopeptide A from fibrinogen. Clinically controlled studies on the therapy of acute 
hearing loss have produced inconsistent results. While Kubo et al. (1988) in a randomised therapy 
comparison study showed a superiority for batroxobin therapy compared to therapy with 
betamethasone, Shiraishi etal. (1991) found no statistically significant difference regarding hearing 
recovery [59], [60]. Suzuki et al. (2003) even demonstrated a superiority of glucocorticoid therapy 
(prednisolone) in a retrospective cohort study compared to medication-based fibrinogen reduction [61]. 

Starting from the idea that particularly severe acute hearing-losses are caused by microthrombi in the 
labyrinthine artery, therapy of acute hearing loss with fibrinolytics has been proposed. Apart from 
breaking down the thrombus, this treatment also leads to a reduction in blood viscosity by lowering 
fibrinogen levels. For pilot studies on this therapeutic strategy see Klemm et al. (1984, streptokinase) 
and Hagen (1991, tissue plasminogen activator) [62], [63]. Because of the unfavourable benefit risk 
scenario amongst other things, this drug group was not studied any more with regard to inner ear 
disorders. 

2.9 Hyperbaric oxygen therapy 

With hyperbaric oxygen (hyperbaric oxygenation, HBO) the patient breathes in pure oxygen at an 
increased environmental pressure in a pressure chamber. In this way the oxygen partial pressure 
climbs in the blood and more oxygen can diffuse into the tissue per unit of time. 

In animal experiments it has been shown that oxygen partial pressure after hyperbaric oxygenation 
also increases in the perilymph compared to initial values by several hundred percent in the healthy 
inner ear, and after acoustic trauma. Slightly raised values also persist for one hour after a course of 
hyperbaric oxygenation. With oxidative stress to the cells of the sensory epithelium and the auditory 
nerve fibres in the cochlea, the increased diffusion pathway due to the raised oxygen partial pressure 
leads to an increased oxygen supply of these structures and in this way promotes the recovery of 
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different types of damage. In contrast, an isobaric oxygenation (normal environmental pressure) 
leads to much smaller increases in oxygen partial pressure in the perilymph. Refer to the works of 
Lamm, C, Lamm, H., Lamm, K. et al. [64], [65], [66] for a discussion on animal-experimental studies 
related to this topic. 

Treatment of acute and chronic inner ear disorders by hyperbaric oxygenation (HBO) has now been 
administered for almost four decades. An extensive review and analysis of clinical studies involving a 
total of several thousand patients was published by Lamm et al. 1 998 [67]. Only relatively few 
publications have appeared on the application of hyperbaric oxygen therapy as a primary therapy ^or 
inner ear disorders. These studies have produced varying results: Kestler et al. (2001) for example 
compared the results of a HBO-therapy for ISSNHL with one involving prednisolone, dextran and 
pentoxifylline. They found that the HBO therapy was inferior [68]. In contrast, Fattori et al. when 
comparing primary HBO-therapy with an intravenous rheological therapy with buflomedil (medication 
group as pentoxifylline and naftidrofuryl) found a statistically significantly higher remission rate after 
HBO-therapy [69]. These results were confirmed by the results of Racic et al. (2003), who showed a 
statistically-significantly higher absolute hearing-improvement and remission rate with HBO therapy in 
comparison to rheological therapy with pentoxifylline [70]. Asian et al. came to the conclusion that 
adjuvant therapy with HBO is superior to a standard therapy with prednisone, stellate block and 
betahistin alone [71]. Topuz et al. also found a benefit of HBO-therapy as an adjuvant to prednisone, 
dextran and diazepam in the treatment of ISSNHL (2004) [72]. 

The majority of clinical reports refer to cases of secondary HBO-therapy for ISSNHL. These studies 
imply that hyperbaric oxygen confers benefits as a secondary therapy where other treatments have 
otherwise proven unsuccessful (see for example: [73], [74], [75], [76]). A meta-analysis by the 
Cochrane-Collaboration on "Hyperbaric oxygen for idiopathic sudden sensorineural hearing loss and 
tinnitus" is currently being prepared. 

2.10 Antiviral therapy 

Various viral infections can lead to hearing loss with or without disturbances in equilibrium and tinnitus. 
Amongst the viral infections associated with hearing disorders include: german measles, mumps, 
measles, varicella zoster, herpes simplex, Epstein-Barr, cytomegaly, hepatitis, adeno-, influenza, 
parainfluenza, coxsackie, and FSME viruses. Inborn and acquired virally-conditioned hearing 
disorders are distinguished between. 

While with most of these virus infections prevention, especially vaccination, is the primary approach, 
for some infections antiviral medications are available: e.g. with herpes infections (aciclovir, 
valaciclovir, famciclovir, brivudin), cytomegaly virus (CMV) infections (ganciclovir, cidofovir, foscarnet, 
note: frequent side effects), influenza (amantadin, zanamivir, oseltamir) and of course the numerous 
medications available for HIV. The application of interferons as virostatics (and immune modulators) 
for the therapy of virally-induced hearing disorders is of course conceivable, but has only been 
described up until now in uncontrolled studies on patients with severe acute hearing loss [77]. See part 
5.3 for information on the antiviral therapy of hearing disorders. 

2.11 NMDA receptor antagonists 

One of the important pathophysiological mechanisms that contribute to hearing loss especially in 
acoustic trauma and probably also in the origin of tinnitus is excitotoxicity. If the main neurotransmitter 
glutamate is released excessively at the afferent synapse of the inner hair cell, a neurotoxic effect can 
arise that has been termed excitotoxicity [78]. For up-to-date reviews on this see Oestreicher et al. 
(2002) [79] and Puel et al. (2002) [80]. Here, the therapeutic strategy would be to employ 
N-methyl-D-aspartate-(NMDA) receptor blockers such as memantine and caroverine [81], [82]. In 
animal experiments in addition to caroverine, IVIK 801 , carbamathione and riluzole have also shown 
a protective effect against excessive noise exposure. For a review see Rontke and Zenner (2004) 
[83]. 

The influencing of NMDA receptors by extracellular magnesium ions also represents an interesting 
therapeutic approach. The excessive calcium influx should be prevented by these during an 
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excitotoxic episode. In animal experiments, protection could be afforded by pre-, para- or even 
postexposure magnesium application in acoustic trauma. For this purpose see the experiments of 
Joachim's as well as Scheibe's research groups [84], [85], [86]. See chapter 5.2 for information about 
clinical application with acoustic trauma and acute hearing loss. 

2.12 Other medications 

Anticoagulants like thrombocyte aggregation inhibitors are used for the prophylaxis and therapy of 
thrombembolic processes. As such, these medications have also been employed in the treatment of 
acute hearing loss, but have only been examined in a few studies, without any significant superiority 
having been demonstrated over other therapies [87], [88]. 

Nootropics such as piracetam are supposed to increase the vigilance and intellectual abilities of 
demented individuals due to an "improvement in the microcirculation and metabolic processes in the 
brain", without any mechanism of action having yet been clarified. These medications have also 
applied for the treatment of acute hearing loss and tinnitus. For none of the mentioned indications was 
an adequate confirmation of efficacy acquired. In a randomised comparative study with piracetam in 6 
% HES, Gutmann and Mees found no difference regarding hearing recovery compared to therapy with 
naftidrofuryl in 6 % HES [89]. 

The phytotherapeutic Ginkgo biloba preparations that are also employed as nootropics number 
amongst the most frequently applied medications for acute hearing loss and tinnitus. Several studies 
have verified an efficacy in improving cognitive functions amongst patients with dementia. For a 
meta-analysis see Birks et al. (2002), [90]. A rheological and an antioxidative effect have been 
assumed to be the primary mechanisms. However, the precise mechanism of action remains unknown 
[91 ]. Some randomised, controlled studies on the application of Ginkgo biloba for acute hearing loss 
and tinnitus exist: for ISSNHL Hoffman et al. (1994) reported a higher full remission rate upon 
treatment with ginkgo extract and HES compared to therapy with naftidrofuryl and HES [92]. Reisser 
and Weidauer (2001 ) found no benefit of treatment with Ginkgo and dextran compared to therapy with 
pentoxifylline and dextran [93]. Various doses of Ginkgo biloba were compared by Burschka et al. 
(2001 ). The authors came to the conclusion that a therapy with high doses of Ginkgo biloba should be 
preferred in "mild" cases of acute hearing loss without tinnitus because of the minimal side effects 
associated with this preparation [94]. A current meta-analysis failed to verify an efficacy of Ginkgo 
biloba against tinnitus as the primary target parameter [95]. 

The calcium overloading of cells occurring with oxidative stress is thought to be blocked by 
cinnarizine or its fluorinated analogue flunarizine. An improvement in erythrocyte fluidity has also 
been described for these substances. However, a clinical effectiveness of these medications in the 
treatment of inner ear disorders has not yet been verified. Meier et al. (1993) compared the relative 
hearing recovery after flunarizine application with placebo amongst acute hearing loss patients (as 
part of another clinical study) and found no statistically significant difference in efficacy [96]. 

Immunosuppressants have been employed for the treatment of hearing-losses due to autoimmune 
disorders. Cytotoxic (cyclophosphamide, azathioprin, methotrexate), T lymphocyte 
activation-inhibiting, non-cytotoxic (e.g. glucocorticoids) as well as antibodies and receptors (e.g. 
infliximab and etanercept) can be distinguished amongst the immunosuppressants. Whereas therapy 
with non-organ-specific autoimmune disorders is generally determined by the corresponding organ 
manifestations, continuous therapy of the primary autoimmune disorder of the inner ear (AIED) e.g. 
with methotrexate, is not indicated due to its lacking efficacy and the sometimes serious side effects 
(see chapter 5.4 [97]. 

Sodium fluoride, calcium, cytokines and bisphosphonate have been proposed as conservative 
medicinally-based approaches to treat otosclerosis [98]. While fluoride is deposited in the bones, since 
in the hydroxyapatite F- substitutes OH- and in this way stimulates bone growth at high doses, 
bisphosphonates specifically inhibit the resorption activity of osteoclasts, whereby the highest efficacy 
has been ascribed to the third generation bisphosphonates. Proof of efficacy for these medications 
against otosclerosis has not yet been obtained in clinically controlled studies (see chapter 5.7.2). 
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Controlled clinical studies have also been performed with regard to hearing disorders on the numerous 
pharmaceutical and non-pharmaceutical treatments available in traditional Cliinese medicine. In a 
recent paper, the therapeutic effect of the phytotherapeutic puerarin (an extract of Pueraria thomsanii) 
was compared with that of anisodamine regarding acute hearing loss and was found to be superior 
[99]. Both medications have been ascribed vasodilating (see 2.3) and thrombocyte aggregation 
inhibiting properties. 

2.13 Pre-clinical experimental therapy forms 

2.13.1 Growtli factors 

Growth factors such as GDNF, BDNF or NT-3 number amongst the substances that until now have 
only been tested preclinically in animal-experimental studies on the protection and therapy of the inner 
ear. Animal models have been developed for damage induced by noise or ototoxic medications. 
Growth factors are involved in development, cell differentiation, cell survival and targeted axonal 
regeneration (review in [100]). The application of growth factors with cochlear implants represents a 
particularly interesting approach. Signal transmission to the auditory nerves might be improved by 
applying neurotrophins either at the same time as or some weeks after implantation. This should be 
achieved by preventing the degeneration of auditory nerve fibres and spiral ganglion cells and the 
initiation of a directed growth of afferent nerve fibres to the cochlear implant electrodes. For this 
purpose either catheter-based application systems (e.g. through a separate channel in the cochlear 
implant electrode [101]) or biopolymer coated electrodes can be used. An international group of 
scientists, engineers and doctors as part of the project "EUBioEar" funded by the European Union 
(http://www.uta.fi/projektit/eubioear/) has set about fulfilling this task. 

2.13.2 Apoptosis inhibitors 

Oxidative stress, e.g. from ischaemia, noise, ototoxic medications and chemicals, can lead to an 
initiation of signal cascades resulting in programmed cell death (apoptosis) in the inner ear. Various 
proteases play a role in this. The inhibition of the activity of these proteases therefore represents a 
primary approach to intervene so that the apoptotic death of cells in the inner ear can be prevented 
after a traumatic insult. The following therapeutic strategies are currently being examined: inhibition of 
caspases, inhibition of calpain, inhibition of the JNK signal cascade and upregulation of antiapoptotic 
genes (Bel ). Initial pre-clinical success has been achieved in the protection against acoustic trauma 
and ototoxicity [102], [103], [104]. In the future it may also be possible to apply apoptosis inhibitors 
when implanting cochlear implant-electrodes so that apoptotic signal cascades do not become 
activated upon the trauma induced by insertion [105]. Such inhibitors could be applied to the inner ear 
via application systems such as those described in chapter 2.13.1 and 3.2.4 so that any undesirable 
cell death can be prevented. 

2.13.3 Gene therapy, regeneration and stem cell therapy 

The most frequent hearing disorder is chronic sensorineural hearing loss. A basic problem with this 
disease is the lacking spontaneous or trauma-induced regeneration capacity of the hair cells and spiral 
ganglia cells in the mammalian cochlea. Current results of animal-experimental studies in the field of 
regeneration medicine and stem cell therapy allow opportunities to be recognised for the future 
application of these procedures in the treatment of inner ear hearing loss. Some aspects of these 
possible future therapies shall therefore be briefly addressed here. 

Gene therapy is an experimental therapeutic form with which a defined foreign gene is introduced into 
the genetic material of a recipient in order to correct any pathological alterations. Here one can 
distinguish between somatic gene therapy, i.e. the correction of genetic defects in body cells, and 
germ-line gene therapy, where cells in the germ-line are corrected so that the modifications carried out 
can also be inherited by the following generation. This can be carried out in the form of a substitution 
therapy (correction of missing or defective gene function), a suppression therapy (suppression of 
pathogenic gene activities) or an additive therapy (reinforcement of already active physiological 
processes) [106]. 
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The goals of gene therapy with respect to hearing disorders are: 

1) to reinforce endogenous protective systems such as inhibitors of apoptotic signal cascades and 
anti-oxidative systems. Induction of the overexpression of neurotrophins represents another such 
approach. 

2) to specifically correct mutations in dominant alleles or specifically overexpress a gene involved in 
recessive hereditary hearing impairment, and 

3) to influence gene expression so that missing ceils are replaced (regenerated) in the inner ear 
(especially hair cells and spiral ganglia cells). 

Its small dimensions and relative isolation make the inner ear a useful object of study for gene therapy. 
Genes are usually brought to their destination with the help of viral vectors. However, non-viral vectors 
are of special interest because of the reduced technological challenges, their low toxicity and their low 
immunogenicity even though they are of relatively low efficiency. 

Two impressive examples emphasise the potential of gene therapy in the inner ear and strengthen the 
hopes that even hereditary hearing loss may be able to be treated one day: in the "shaker2" mouse, 
an animal model with neuroepithelial inner ear defects, both hearing loss and equilibrium disturbances 
could be corrected by introduction of the wild-type gene [1 07]. A similar feat was also made possible 
with the "Whirler" mouse [108]. For reviews on current aspects of gene therapy see Avraham and 
Raphael (2003), Lalwani etal. (2002), IVlinoda etal. (2004), and Pfisterand Loewenheim (2002) [109], 
[110], [111], [112]. 

Regeneration processes in the inner ear of birds have been known now for almost two decades. For 
reviews on the cell cycle and in vivo regeneration see Cotanche (1999), Smolders (1999), 
Loewenheim (2002) and Ryan (2003) [113], [1 14], [115], [116]. Today, the most promising approaches 
for in vivo regeneration in mammals are related to the exploitation of Math1 (Atoh1). This gene 
encodes a basic helix-loop-helix transcription factor and is required for the development of hair cells in 
the cochlea and the vestibular organ [1 1 7]. The Math1 gene introduced into the cochlear endolymph of 
the guinea pig (via an adenoviral vector) leads to the development of ectopic hair cells in the cochlea 
(Figure 1 (Fig. 1)) [118]. Also, the use of the human homologue IHathl shows the clearly increased 
generation of new hair cells in the macula utriculi of the rat [119] compared to earlier reports [120], 
[121]. 

Thus, not only was it possible to generate a significant number of new hair cells in mammalian inner 
ear with the viral vector-mediated transfer of Math1 and IHathl [119], but it was also possible to 
demonstrate for the first time the regeneration of hair cells in mammalian coclilea [1 1 8]. In a very 
recent report it could be demonstrated that Mathi (Atoh1) not only induces regeneration of hair cells 
but also "...substantially improves hearing thresholds in the mature deaf inner ear after delivery to 
nonsensory cells through adenovectors. This is the first demonstration of cellular and functional repair 
in the organ of Corti of a mature deaf mammal" [122]. Another strategy could be the generation of 
functional sensory hair cells through mitosis by a targeted delition of the retinoblastoma gene - a 
regulator of cell cycle exit in hair cells. Acute loss of Rb1 in postnatal hair cells caused cell cycle 
reentry of these otherwise terminal differentiated hair cells [123]. 

The replacement of body tissues using stem cells shall prove to be a paradigm shift for medicine in 
the coming decades. Nevertheless, where human embryonic stem cells are the subject of research, 
considerable ethical problems are associated with their use. The first successes in the stem-cell-based 
generation of highly specialised cells for the therapy of degenerative diseases such as Parkinson's 
disease, heart disease and diabetes mellitus have also extended to research on stem-cells in the 
region of the inner ear (for reviews see e.g. Li et al. (2004) and Parker and Cotanche (2004), [124], 
[125]). 

Embryonic stem-cells are pluripotent and as such possess the greatest differentiation capacity of all 
human cells. In recent experiments the group of Stefan Heller in Boston were able to generate 
precursor cells of hair cells from embryonic stem-cells in the mouse. These precursor cells express a 
range of marker genes that are also expressed in sensory areas of the inner ear during development. 
The in vitro generated precursor cells are able to integrate into the developing inner ear of a chicken 



11 



RontkeTherapy of hearing disorders - conservative procedures GIVIS Curr Top Otorhinolaryngol Head Necl< Surg 2005;4:Doc01 

embryo after implantation. Tiiese cells not only express hair cell-typical marl<ers in vivo, but ttiey also 
form Inair bundles (Figure 2 (Fig. 2)) [126]. The same research group also isolated adult stem-cells 
from the inner ear of the mouse and confirmed their differentiation at least into hair cell-like cells, as 
verified by their typical marker expression [127]. 

Regarding regeneration and stem-cell therapy it is being stated more and more that it does not suffice 
merely to regenerate sensory cells, since both the complex architecture of the Corti organ and the 
specific neural innervation are fundamental for restoring hearing function. Against this, however, 
another hypothesis states that it may not in fact be necessary to restore the highly organised form of a 
Corti organ. Any form of organisation of cells expressing the property of mechanoelectrical 
transduction may suffice, as long as the sensory cells make contact with the afferent nerve fibres and 
acoustically produced mechanical oscillations can be effectively transmitted via a tectorial membrane 
or a similar structure to mechanosensors on the sensory cells [124]. A regenerated inner ear in a 
mammal may therefore look similar to that observed in a bird or a reptile. Considering the 
extraordinary plasticity of cerebral portions of the auditory pathway, an adequate hearing capacity 
might nevertheless arise. Here one is reminded of successes achieved with speech cognition after 
implantation of cochlear implant electrodes with only a few stimulation channels. 

A second argument for attempting to regenerate hair cells even without complete restoration of the 
architecture of the Corti organ is the production of neurotrophic factors by the newly generated hair 
cells that might positively influence the retention of afferent nerve fibres. The retention of nerve fibres 
would in turn increase the effectiveness of a subsequent cochlear implant. 

3. Medication-based procedures II: local application of drugs 

3.1 Introduction 

Over the last years there has been increasing interest in the treatment of inner ear disorders by local 
rather than systemic application of medicines. Substances are applied intratympanically under the 
premise that they will diffuse through the round window membrane into the scala tympani and then are 
distributed from there within the inner ear fluids [128]. The idea of a topical application of medicine to 
the inner ear is not new. Local anaesthetics and aminoglycosides were applied decades ago through 
the tympanic membrane into the tympanic cavity to treat inner ear disorders [129], [130]. 

The most frequently used form of intratympanic therapy is the injection of gentamicin into the middle 
ear for selective chemical labyrinth ablation in Meniere's disease (see the chapter by Walther in this 
volume). Of major current interest are the increasing number of clinical studies regarding the local 
application of glucocorticoids for acute hearing loss [131], [132], [133], [134], [135], [136], [137], [138], 
Meniere's disease [139], [140], [141], [142] or tinnitus [143], [144], [145], [146], [147]. Also other 
substances, such as local anaesthetics and neurotransmitters (-antagonists), have already been 
tested in humans [148], [149]. A number of different types of medication including growth factors, 
neurotransmitters, neurotransmitter antagonists, antioxidants, apoptosis inhibitors and 
antisense-oligonucleotides are the focus of current research. Numerous animal-experimental studies 
have shown promising results concerning e.g. otoprotection [104], [150], [151], [152], [153], [154], 
[155], (see also Rontke and Zenner (2004) for a review [83]). Of special interest is also local viral and 
non-viral gene transfer for the treatment of inner ear disorders [1 56], [1 57], [1 58], [1 59]. Here, local 
application to the inner ear represents a particularly useful alternative to systemic therapy. It should be 
noted, however, that no medicine is as yet approved anywhere in the world for local application in the 
treatment of inner ear disorders. 

Local application is based on the rational approach that despite lower dosing, medications applied 
topically to the round window membrane can reach higher active levels in the inner ear fluids than 
would be the case with systemic application. Recent pharmacokinetic studies have confirmed this 
hypothesis [138], [160], [161], [162], [163], [164]. Potential systemic side effects and complications 
from a longer lasting higher dose therapy can be avoided through topical application (e.g. a high dose 
glucocorticoid therapy [165]). Substances applied locally at a low dose can then be administered 
where there are major restrictions or even contraindications associated with systemic application. 
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Apart from the selection of a suitable substance, the following additional questions also arise regarding 
clinical application: 

- What are the principles underlying substance distribution in the inner ear fluids, especially after local 
application and what target structures are reached in the inner ear by the locally applied substances? 

- What dose, application procedure and application protocol should be employed? 

- What levels of medication are reached in humans within the inner ear fluids? 

- What are the main factors that lead to the sometimes very different effects seen after local therapy? 

Currently, the applied doses, application protocols and application systems are mainly empirically 
justified. The varying results from the therapy of Meniere's disease by intratympanic gentamicin 
application serve as current examples of the uncertainty surrounding application strategies. While 
some authors observed hardly any hearing-losses [166] or deafness as unwanted effects following 
empirically based titration strategies, others found complete deafness on the treated ear in more than 
20 % [167] or even 80 % [168] as a result of intratympanic gentamicin application. It is therefore 
necessary to acquire an understanding about the quantitative substance distribution in the inner ear 
fluids after local application of medications. 

3.2 Pharmacokinetic aspects of local drug application to the inner ear 
3.2.1 General principles of substance distribution in the inner ear 

Since unlike circulating blood the inner ear fluids are not actively "stirred", one has to consider that a 
locally applied substance is not rapidly distributed uniformly over the entire inner ear. As such it is not 
sufficient to know only the volume of the fluid spaces in the inner ear and the amount of applied 
medication in order to calculate the concentration of substance in the inner ear. The inner ear 
represents rather a geometrically complex multicompartmental structure with numerous surfaces 
between the compartments and between the inner ear and the "outside world", i.e. the systemic blood 
circulation. Locally applied substances distribute themselves according to physical laws within and 
between the individual compartments. Diffusion seems to be the main process underlying the 
distribution of particles in the cochlear fluids [169], [170]. The diffusion coefficient depends on the 
viscosity of the fluid in which diffusion occurs and on numerous structural characteristics of the 
diffusing particles/ molecule, with molecular weight playing a dominant role [171]. 

Transfer of substances through the round window membrane (RWM) to the scala tympani of the inner 
ear also appears to be a mainly passive process (diffusion). Active transport processes have been 
assumed particularly for larger molecules and particles, but have not been confirmed so far [128]. The 
rate at which medications cross the round window membrane to the inner ear depends on the 
histological property, size and geometry of the RWM. Animal experiments have shown that the round 
window membrane behaves as a semipermeable membrane despite its three-layered nature. 
Antibiotics (especially aminoglycosides), arachidonic acid metabolites, local anaesthetics, bacterial 
endo- and exotoxins, albumin, glucocorticoids, antioxidants, neurotransmitters (and their antagonists), 
neurotrophins, viruses and other agents have been applied to the RWM and their transition into the 
scala tympani has been assessed either histomorphologically, quantitatively by measurement of 
concentrations, or indirectly from the measurement of their physiological effects e.g. on the hearing 
threshold (reviews in: Goycoolea 2001, Rontke and Salt 2003 [128], [172]). The permeability of the 
round window membrane might be influenced by simultaneous application of other substances 
[173], [174]. Although the permeability of the RWM is an important parameter determining the entry of 
substances into the scala tympani of the cochlea, it is important to consider that (most likely) only the 
quantity of medication reaching the inner ear is influenced by this, and not its relative distribution in the 
subsequent compartments of the inner ear (for explanation see below). 

The general processes of substance distribution have been termed by Salt as "longitudinal" and 
"radial" processes (Figure 3 (Fig. 3)) [170], [175], [176]. Amongst the longitudinal processes 

include the passage of medications from the middle ear into the scala tympani through the RWM, the 
diffusion of substances along the scalae, the communication between the scala vestibuli and the scala 
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tympani through the helicotrema at the cochlear apex, and the passage of medications from the basal 
section of the scala vestibuli into the vestibulum. The transportation of substance is also influenced by 
the flows of endolymph and perilymph. In the normal, unopened cochlea, however, the flow rates of 
endolymph and perilymph are extremely low, so that their effect on substance distribution can be 
regarded as negligible in the inner ear compared to diffusion [175], [177]. 

The most important radial substance distribution process is clearance. Strictly speaking, this refers 
to the passage of applied substances from the cochlear fluids to the environment via removal by the 
systemic blood circulation in the lateral wall and the modiolus. Broadly speaking, clearance includes all 
processes that lead to the reduction of substance levels in the cochlear fluids, i.e. in addition to the 
above, uptake into the fluid spaces of the modiolus, uptake into intercellular spaces, and inactivation of 
the applied substance by metabolization or binding. Both clearance from the middle ear and clearance 
from the various fluid spaces of the inner ear must be considered. The interplay of diffusion within and 
clearance from the fluid spaces of the inner ear is a key to determining the distribution inner ear of 
substances applied locally to the round window membrane. 

Other "radial" distribution processes include communications between the various compartments 
(Figure 3A (Fig. 3)). The communication between the scala tympani and the scala vestibuli via the 
lateral wall appears to be particularly rapid [176], [178], [179]. 

3.2.2 Pre-clinical studies on pharmacokinetics in the inner ear 

The development and approval of medications and drug application systems requires the study of the 
pharmacokinetics, toxicity and efficacy of medications applied locally to the RWM. Preclinical 
animal-experimental studies lay the foundations for introducing a therapeutic form into clinical practice. 
Only a few studies have quantitatively studied concentrations in the inner ear fluids [138], [160], [161], 
[162], [163], [180], [181], [182]. However, data from two of these studies imply very different perilymph 
concentrations with similar application modes [138], [160]. However, large deviations in 
pharmacokinetic profiles in animal experiments considerably restrict their applicability to the human 
situation (Figure 4 (Fig. 4)). For this reason the problems associated with pre-clinical, 
pharmacokinetic studies of the inner ear shall now be described in brief. 

Because of the extremely small volumes in the fluid spaces of the inner ear, the withdrawal and 
analysis of samples from the inner ear represents a considerable technical challenge. Just as one 
example, the entire perilymph volume in the cochlea of the guinea pig is less than ^0 \}\ [183]. In most 
of the studies sample volumes were withdrawn that correspond to or even exceed the cochlear 
perilymph volume in order to extract adequate sample volumes for pharmaceutical analysis [1 38], 
[160], [161], [162], [163], [180], [182]. Measurement of pharmacokinetic profiles (concentration time 
curves) in the perilymph based on cochlear samples therefore entails a great risk of misinterpretation. 
This is also because the sampling process itself strongly influences the substance concentration in the 
perilymph. When withdrawing large sample volumes, the perilymph is diluted by cerebrospinal fluid 
that flows through the cochlear aqueduct into the perilymph [172], [184], [185], [186]. Samples 
obtained this way are therefore fraught with artefacts. It is therefore important to evaluate whether 
actual perilymph concentrations or merely "perilymph sample concentrations" are dealt with when 
interpreting published pre-clinical pharmacokinetic studies on the local application of medicine to the 
inner ear. Such artefacts can be avoided for example by applying ion-selective electrodes [177] or 
radioactive tracers [181], although such procedures are not necessarily suitable for all medications. 
Since direct pharmacokinetic studies are not possible in the inner ear of man (as part of a phase I 
clinical trial), computer simulations may be helpful for human application as part of a phase II clinical 
trial. Through the quantitative interpretation of published experimental data using a finite-element 
computer model (http://oto.wustl.edu/cochlea/model.htm) that considers the anatomy of the inner ear, 
general pharmacokinetic principles and distribution processes as well as sampling techniques, the 
results can be better interpreted and artefacts produced by sampling can be corrected for. After 
detailed analysis of the above-mentioned pre-clinical, pharmacokinetic studies it could be shown that 
the concentration time curves of methylprednisolone in the scala tympani reported by Fames et el. 
(1999), which is cited in current clinical publications as a basis for selecting and dosing this 
medication, appears to underestimate the actual perilymph concentrations considerably (Figure 4 (Fig. 
4)). In order to keep the sampling artefacts as small as possible, modern sampling techniques have 
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recently been employed that can not completely suppress the origin of artefacts, but can at least 
minimise them substantially [162], [187]. 

3.2.3 Concentration gradients in tlie inner ear with local application of drugs 

Possibly the most important aspect regarding local application of medicine to the inner ear is that the 
inner ear represents a multi-compartment model with almost stationary fluids. Since administered 
medications are removed from the cochlea by clearance, two processes act counteractively with 
regard to substance distribution: i.e. the (longitudinal) diffusion along a compartment (e.g. the scala 
tympani) and the (radial) clearance from this compartment (Figure 3 (Fig. 3)). 

From the results of pre-clinical studies and the interpretation of this data by computer simulations, the 
following conclusions can be drawn [169], [172], [178]: 

1) Substances applied topically to the round window membrane do not distribute uniformly in the inner 
ear. 

2) Substance concentrations show longitudinal gradients along the cochlear scalae. Basal regions of 
the cochlea are exposed to a far higher dose than apical regions (Figure 5 (Fig. 5)). 

3) Concentration differences also exist between the different fluid compartments. 

4) Since the substance distribution along the scalae is determined mainly by diffusion and clearance, 
concentration gradients in the larger cochleae are expected to be larger (Figure 6 (Fig. 6)). 

3.2.4 Drug application systems 

Single or repeated intratympanic injection with or without visualization of the round window membrane 

The most frequently applied and oldest means for intratympanic drug application is transtympanic 
injection of a drug solution [129], [130], [148], [188], [189]. The disadvantage of this is the fact that the 
amount of drug and duration of contact with the round window membrane can not be easily controlled. 
The patient during and after injection usually lies for a certain period of time with the treated ear 
pointing upwards. The amount and timepoint of drainage of the solution via the eustachian tube or its 
resorption through the middle ear mucosa is usually uncertain. In order to prevent the uncontrolled 
loss of drug e.g. via the eustachian tube, means have been sought to stabilise the applied volume in 
the middle ear. Fibrin glue has been employed in animal experiments [163], while in man hyaluronic 
acid [133], [190], [191] or resorbable gelatine-sponges [192] have been applied. Despite this, the 
doses, dosing intervals and therapeutic durations required to achieve a specific therapeutic goal are 
hard to predict. Amongst the varied influential factors include anatomical obstacles such as plugs of 
connective or adipose tissue or so-called pseudomembranes of the round window niche, that in 
approx. every third patient can lead to the obstruction of the round window membrane, as histological 
studies have shown in more than 200 temporal bone preparations [193]. Therefore, with all 
transtympanic injection techniques it makes sense to inspect the round window membrane in detail 
before drug application. In order to avoid the need for a tympanoscopy, a microotoscope (explorent*" 
GmbH, Tuttlingen, BRD) has been developed with which the round window niche can be inspected in 
a minimally invasive manner (diameter of the endoscope 1.1 mm). If the anatomical status is normal, a 
defined amount of drug can then be applied in the same session via the working channel of the 
microendoscope directly into the round window niche [194]. 

Another mode of transtympanic medicine application is the "microwick" proposed by Silverstein [195]. 
A "wick" is advanced into the round window niche via a small tube. The external end of the wick is 
then located in the external auditory canal. In this way the patient can intermittently apply medications 
him/herself to the external auditory canal so that they can then reach the round window niche via the 
wick. For physical reasons an application into the external auditory canal would only work if the wick is 
completely dry. Only in this way can the drug be transported via capillary action of the wick fibre from 
the exterior to the interior of the round window niche. In the middle ear the wick must have a direct as 
possible contact to the round window membrane so that a concentration gradient can arise between 
the wick and the perilymph in the scala tympani via the round window membrane. The capillary effect 
can then only arise with a completely dry wick. With a wet wick, substance transportation from the 
external auditory canal would be dependent on diffusion into the middle ear. An effective application of 
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drug to the inner ear would then be rather unlikely given the now very long diffusion pathway. 

Discontinuous drug application via partly or fully implantable pump systems 

A device that has already been employed in animals, but which has not yet been approved for 
humans, is the TI-DDS® (Totally Implantable Drug-Delivery-System) [196], [197]. The manually 
operated pump releases a defined volume of 5 or 10 |jI upon push-button activation. A subcutaneously 
implanted reservoir can then be filled transcutaneously. Such systems are especially suitable for the 
treatment of hearing disorders that require a chronic drug application over a longer period of time. 
Using intracochlear catheter-based application systems it shall be possible in future to introduce drugs 
directly into the inner ear either in a discontinuous or continuous manner. With many outflow points for 
the drug, intracochlear concentration gradients can be avoided or even deliberately set up, a benefit 
which is not available with application to the round window membrane. This principle appears to be of 
particular current interest with cochlear implant treatment, e.g. via a separate channel in the CI 
electrode [101]). 

Biodegradable polymers 

Various materials employed for the controlled release of drug represent another approach. Apart from 
the already-mentioned fibrin glue and hyaluronic acid that probably also cause changes in substance 
release in addition to their volume stabilization effect, biodegradable polymers are also addressed 
here [1 98], [1 82]. In our own experiments a continuous release of a marker substance from 
biodegradable polymer spheres (1 |jm diameter) was observed over a period of 24 hours (unpublished 
results). The coating of cochlea implant electrodes with biodegradable carrier substances for drugs is 
also interesting, where glucocorticoids, antioxidants, apoptosis inhibitors or neurotrophins could be 
employed to counteract any harmful effects of the insertion trauma, to ensure the survival of the spiral 
ganglia, or to stimulate the growth of neurites towards the CI electrodes [105]. 

Continuous drug application 

The surest way to achieve a defined level of drug at the round window membrane is to employ a 
continuous drug application via partially or fully implantable catheter systems and pumps. Although 
various catheter systems might be employed (mostly not approved for human use), the round window 
microcatheter from DURECT (RW|jCath™, DURECT™, Co., Cupertino, USA) represents the best 
characterised system [136], [137], [149], [167], [199]. Possibly because of its high price, a lack of 
convincing clinical studies, and the dearth of approved drugs for local drug application to the round 
window membrane, and probably also because of a lacking interest of the pharmaceutical industry in 
this area of application, production of the catheter was halted in 2004. 

Influence of the application system on pharmacokinetics with round window application 

Concerning the influence of various application systems and dosing schemes on medication levels in 
the inner ear, the following conclusions can be drawn on the basis of a detailed analysis of 
animal-experimental studies on inner ear pharmacokinetics: 

1) The choice of application system is of high importance for determining absolute drug levels in the 
inner ear. 

2) The time that the drug remains in the middle ear and in contact with the round window membrane is 
decisive. 

3) The highest intracochlear drug levels are reached as expected after continuous application to the 
round window membrane. 

4) The relative distribution of the substances in the inner ear seems to depend basically on the 
relationship between the duration of application and clearance (Figure 7 (Fig. 7)). 

3.2.5 Conclusions for clinical application 

The above-mentioned aspects that have been described in detail are of great relevance for the clinical 
application of topical drugs to the inner ear. In order for the same active dose to be reached in the 
vestibule, higher drug levels are probably required in the basal cochlear turn of man than would be 
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required in (smaller) experimental animals. This is particularly important in the therapy of Meniere's 
disease by intratympanic drug application, where one also has to take into account the relative 
vestibulocochlear toxicity of a therapeutic form. 

It is also important to develop application methods where the amount of substance in the middle ear 
and the application duration can be controlled as effectively as possible. 

The baso-apical concentration gradients in the cochlea are also of clinical interest. The high drug 
levels in the basal (high frequency) region compared to the lower levels in the apical region of the 
cochlea (low frequency) can be exploited for the treatment of inner ear disorders. High-frequency 
tinnitus and high-frequency inner ear disorders are of special interest here, for instance where 
hearing-loss is due to noise exposure. In contrast, it might not or only barely be possible to treat 
hearing disorders in the middle and lower frequency range by intratympanic drug application if 
medications are to be used with only a small therapeutic range. Therapeutic drug levels in the apical 
turns of the cochlea might then achieve toxicity in the basal sections of the cochlea and in the 
vestibular organ. 

3.3 Clinical studies on local drug application to the inner ear 

Over the last years there has been a clear increase in the number of reports on the clinical application 
of topical drugs to the inner ear for the therapy of acute sensorineural hearing loss. A selection of 
these studies is listed in Table 2 (Tab. 2). Mostly glucocorticoids (particularly methylprednisolone and 
dexamethasone) were applied. From the table it is clear that most of these studies are case reports, 
i.e. results with a low evidence level. Comparisons of treatment results with control groups are only 
found in a few studies. 

The synopsis of the results of the different studies listed in Table 2 (Tab. 2) allows us to presume that 
the intratympanic application of glucocorticoids with certain indications, e.g. with non-responsiveness 
to an initial, guideline-consistent, systemic therapy, represents a reasonable therapeutic alternative. 
To this end only the results of one randomised comparative study [134] and one retrospective, 
controlled cohort study [199] are available. Because of pharmacological-pharmacokinetic 
considerations and earlier experience, such a therapeutic form would also appear to be reasonable as 
an initial therapy for acute hearing loss. However, one cohort study carried out to answer this 
(intratympanic glucocorticoid dosing as an adjuvant to systemic treatment) was not able to confirm this 
hypothesis [200]. 

In our own studies, a follow-up local therapy (i.e. intratympanic"salvage therapy") was offered to 
patients with acute, severe to profound, sensorineural hearing loss or acute anacusis and failure of 
initial, guideline-consitent, systemic therapy. These patients had a very poor prognosis regarding the 
recovery of their hearing thresholds. If a tympanoscopy was able to exclude a perilymph fistula, a 
RWjjCath™ (see above) was implanted during the same session. Over two to four weeks either 
methylprednisolone hydrogen succinate (Urbason Solubile'*, Aventis Pharma, Bad Soden, Germany) 
at a concentration of 40 mg/ml and a flow rate of 10 |jl/h (corresponding to 9.6 mg/day) or 
dexamethasone dihydrogen phosphate (Fortecortin injekt*". Merck, Darmstadt, Germany) at a 
concentration of 4 mg/ml and a flow rate of 5 |jl/h (corresponding to 0.48mg/day) were applied 
continuously to the round window niche via an external drug pump carried outside on the body 
(Panomat 05, Disetronic Medical Systems, Burgdorf/Switzerland). The results of the hearing recovery 
were compared with the results of a historical control group without any "rescue therapy". Using a 
subgroup analysis to identify suitable patient collectives for prospective randomised clinical studies 
patients with anacusis, i.e. with a non-measurable hearing threshold in the pure tone audiogram were 
excluded. In that case, a stronger improvement in the mean hearing threshold (threshold at 
[0.5+1+2+3 kHz]/4) in the local therapy group (n=14) of on average 19 dB (95 % 01: 6, 32) from 87 dB 
(95 % 01: 78, 96) to 68 dB (95 % 01: 53, 83) was seen in comparison with that seen in the historical 
control group (n=14) which increased on average by 5 dB (95 % 01: -2, 11 ) from 86 dB (95 % 01: 76, 
95) to 81 dB (95 % 01: 67, 96), (p<0.05). Reports from other authors showed even more marked 
effects of local glucocorticoid application with a similar indication, although a control group was lacking 
with these case studies [133], [136], [137]. Noted but not mentioned further here is the fact that the 
usually employed glucocorticoid preparations (see Table 2 (Tab. 2)) show differing osmolarity and 
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pH-values apart from their very high concentrations. The importance of these pharmaceutical-technical 
characteristics for local application to te RWM has only been examined inadequately up until now. 

Topical inner ear therapy employing glucocorticoids represents a highly promising therapeutic form. 
However, its efficacy can not yet be regarded as confirmed. As such, the efficacy, safety, indications, 
dosing and application protocols need to be investigated in higher evidence level studies. For this 
reason we initiated a placebo-controlled, double-blind, randomised, multicentre clinical trial in 2003 to 
assess the effectiveness and safety of continuous, intratympanic, dexamethasone application amongst 
patients who underwent an unsuccessful systemic therapy. Fifteen patients have as yet been included 
at the time of printing. 

4. Non-medication-based therapeutic procedures 

4.1 Fibrinogen reduction by apheresis 

Apheresis refers to a therapeutic procedure based on the extracorporeal elimination of pathogenic 
proteins, protein bound pathogenic substances or pathogenic cells from the blood. Non-selective and 
selective plasma apheresis, whole blood apheresis and cytoapheresis are distinguished. 

For treating hearing disorders, the selective plasma apheresis procedures H.E.L.P.^ apheresis 
(heparin-induced extracorporeal LDL-precipitation, B.Braun, Medizintechnologie GmbH, Germany) 
and possibly the membrane-differential-filtration (rheopheresis) are relevant. However, the efficacy 
and safety of apheresis in the treatment of idiopathic sudden sensorineural hearing loss (ISSNHL) 
have been shown up to now only for the H.E.L.P."^ apheresis. 

Using this procedure, from the plasma of a patient separated by a plasma filter (primary separation), 
pathogens are removed in a secondary circulation by precipitation (with H.E.L.P.® apheresis) or by 
another filtration process (rheopheresis). The patient is then supplied with the cleaned plasma again. 

The principle of H.E.L.P.® apheresis that is already routinely applied in some hospitals and outpatient 
clinics is illustrated in Figure 8 (Fig. 8). The fibrinogen reduction in the plasma lowers the plasma 
viscosity and reduces the aggregation tendency of the cellular blood components. Unlike hypervolemic 
haemodilution with dextran or HES, the haematocrit and therefore the oxygen transport capacity of the 
blood remains constant. The reduction of LDL and cholesterol leads also to an improvement in 
endothelial function. 

Two prospective, randomised studies of a high evidence level by Suckfull et al. compared therapy with 
H.E.L.P.® apheresis to a guideline-compliant standard therapy with prednisolone, HES and 
pentoxifylline [201], [202]. Regarding the recovery of the average hearing threshold, there was an 
overall tendency for a superiority of the apheresis therapy. In a multicentre study, a statistically 
significantly greater hearing-recovery was shown after 48 hours but not 6 weeks regarding the 
50%-speech comprehensibility for spoken (multisyllable) numbers with H.E.L. P.® apheresis. Patients 
with high LDL and fibrinogen levels benefited especially from the H.E.L.P.*' apheresis [202]. As such 
Suckfull et al. were able to demonstrate the equivalence of H.E.L.P.® apheresis to a ten-day standard 
therapies with glucocorticoids and rheological agents while the apheresis therapy lasted only about 
two hours. An additional, future differentiation of therapeutic success according to audiological 
inclusion criteria (e.g. various audiogram types, see also fig. 11) might reveal a patient collective that 
can benefit especially well from an apheresis therapy. 

H.E.L. P.® apheresis requires special equipment. Specific structural, technical and personnel conditions 
must be met for its application (see the apheresis standard of the German Association of Clinical 
Nephrologists). However, when considering economic aspects it must be remembered that in the 
above-mentioned study an approximately two-hour ambulant apheresis is similarly effective to a 
10-day hospital-based infusion therapy with prednisolone [202]. Recently Ullrich et al. recommended a 
modification of H.E.L.P.® apheresis "specific fibrinogen apheresis" that is yet to be tested in controlled 
studies [203]. The results of a current prospective, randomised, multicentre study on acute hearing 
loss therapy using rheopheresis are not yet available. 
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4.2 Magnetic stimulation 

Repetitive transcranial magnet stimulation (rTMS) is a procedure for examining and treating 
central-nervous phenomena and disorders in the area of the cortex. Cortical excitability can be focally 
measured and modulated non-invasively using rTMS (for a review see Hallett (2000) [204]). Using a 
coil that is placed on the skull surface, electro-magnetic fields (intensity of 1.5 to 2 T) are induced for 
short periods (100 to 300 ms). The rapid induction and dissipation of these electro-magnetic fields 
induces corresponding electrical fields that activate the underlying neurones in the cortex. By applying 
high stimulation frequencies (> 10Hz), a temporary disruption of cortical function is induced that allows 
the investigation of the functional role of cortical areas. By applying lower (approx. 1 Hz) stimulus 
frequencies a decrease in cortical activity can be induced in the stimulated area for a period of up to 
30 minutes [205], [206]. Such knowledge forms the basis for testing the therapeutic effects of rTMS on 
chronic, subjective tinnitus. 

Hopes for this procedure are based on the following facts: 

1 ) Both tinnitus and hearing-loss are associated with a reorganisation of specific areas of the central 
auditory system [207], [208]. 

2) Perception of tinnitus is associated with a hyperactivity of temporo-parietal cortical regions [209]. 

3) By applying a targeted transcranial magnetic stimulation of these areas, a suppressant effect on the 
strength of tinnitus can be achieved in some of the patients that lasts at least for a short time [206]. 

With the help of imaging procedures, hyperactivity can be detected amongst tinnitus patients in cortical 
areas that otherwise are involved in the perception and processing of auditory information (Figure 9 
(Fig. 9)) [209]. Analogies to modifications in the somatosensory system (e.g. with focal dystonia or 
phantom pain [210]) have led to the hypothesis that some forms of tinnitus are based on maladaptive 
neuroplastic modifications, that follow a decrease or other modification of the input of the auditory 
nerve to higher parts of the auditory pathway. The rTMS is therefore based on the neurophysiological 
model of disinhibition of the central auditory system that is reflected in an irregular hyperactivity of 
various sections of the auditory pathway. In a recently published paper, Rewnia et al. used a 
high-frequency rTMS (10 hertz) to generate a short-lasting functional lesion in the cortex by 
temporarily disrupting the activity of various brain areas that potentially participate in tinnitus 
perception [206]. The authors showed that immediately after rTMS the tinnitus had decreased in 
intensity or disappeared completely in most patients when stimulation was applied to left temporal or 
left temporo-parietal cortical areas (Brodman regions 42, 22, 21) (Figure 10 (Fig. 10)). Brain areas for 
which no effect on the cortex was to be expected upon stimulation served as intraindividual controls. 

In addition to the temporary effects of high-frequency rTMS, longer-lasting influences on cortical 
excitability and various longer-lasting central-nervous disorders were described as a result of 
low-frequency rTMS [205], [21 1]. Also with tinnitus, longer-lasting suppressive effects on chronic 
tinnitus can be produced with the aid of low-frequency rTMS [212], [213] (C. Rewnia, personal 
communication). As such, the potential for a therapeutic use of transcranial magnetic stimulation is not 
unfounded. Despite this, one should not get too excited about the possibility of a "novel therapeutic 
procedure" for tinnitus. Clinical studies on the applicability, safety and efficacy amongst patients with 
chronic tinnitus have been lacking until now. 

4.3 Electrical stimulation 

Electrical peripheral stimulation with tinnitus: Attempts to treat tinnitus by electrical stimulation date 
back more than 200 years [214]. Transcutaneous mastoidal tympanic, promontorial and intracochlear 
methods have been tested with varying success rates. A review on this was published by Okusa 
(1993) [214]. Controlled studies on this subject are largely lacking however. 

Electric stimulation of the auditory cortex with tinnitus: In a recent neurosurgical paper the idea of 
influencing tinnitus by external stimulation of cortical areas was pursued [215]. The successful 
implantation of cortical stimulation electrodes for treating phantom pain led to this hypothesis. On the 
basis of the knowledge that transcranial magnetic stimulation temporarily influences cortical 
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excitability, it was intended to convert this focal and temporary effect to a lasting effect by applying a 
continuous electrical stimulation. In one patient with chronic tinnitus the auditory cortex in an area of 
focal reorganisation determined by functional MRT was first stimulated by neuronavigated TMS, an 
action which temporarily suppressed the tinnitus. Also using the neuronavigation system an electrode 
was implanted for electrical stimulation of the auditory cortex in a craniotomy operation. The 
electrostimulation device connected to a cable was implanted in the abdominal wall of the patient. 
After repeated tuning of the stimulus parameters (current intensity, pulse rate and pulse width), a 
tinnitus free range was reported by the patient during the follow-up period of one year. The authors 
concluded from this case that the focal, extradural, electrical stimulation of areas of cortical 
reorganisation represents a suitable means to completely suppress a contralateral tinnitus. 
Transcranial magnet stimulation was therefore considered as a suitable means for non-invasively 
studying and selecting candidate sites for implanting such extradural electrodes. 

Irrespective of the scientific importance of this case report, the safety, efficacy and especially the 
appropriateness of this kind of tinnitus therapy still needs to be assessed critically. Mechanisms of 
cortical reorganisation and plasticity occurring upon chronic electric stimulation of the cortex must also 
be considered [208]. 

4.4 Acoustic stimulation 

Noise generators ("noiser") are used for tinnitus retraining therapy (TRT). The "classical" tinnitus 
retraining therapy is a noise therapy combined with counselling on the basis of the neurophysiological 
model for tinnitus according to Jastreboff and Hazell (1 993) [216], [217] (see below for explanation). 
Using an emotionally indifferent broad band noise the acoustic background is increased especially at 
low environmental sound levels. By decreasing the signal-noise ratio (tinnitus vs. acoustic background 
activity) the perception of tinnitus should be reduced. In the same way as treatment of hearing loss, 
provision of hearing-aids also plays an important role in the treatment of tinnitus. 

According to the model of Jastreboff et al., tinnitus results from an abnormally increased activity in the 
auditory pathway that is perceived in higher auditory centres as a noise or tone with which emotion 
and attention-controlling central-nervous structures play a major role. A psychological treatment is not 
necessarily considered as a component of TRT therapy by Jastreboff. Controlled studies that have 
documented an efficacy of TRT are still lacking. As such the efficacy of a classical tinnitus retraining 
therapy can not be regarded yet as proven from our current state of knowledge [218], [219]. In the 
mean time, several papers have shown that the central component of TRT, i.e noise devices or 
tinnitus instruments (hearing-aid plus noise device), exert no detectable influence on therapeutic 
outcome. Goebel et al. compared a cognitive-behavioural oriented therapy consisting of counselling, 
stress management, attention diversion and cognitive restructuring in the absence and presence of 
additional noise generators. Both groups found a similar therapeutic outcome that was far superior to 
treatment with a noise generator device alone, the latter of which was found not to differ from an 
untreated control group [220]. Also Delb et al. (2002) in their prospective, controlled study on the 
combined application of TRT and behavioural therapy found an efficacy of the concept based on 
counselling, multimodal behavioural psychotherapy and hearing-aids in comparison with a control 
group. Confirmation of an additional benefit from the use of a noiser device could not be obtained here 
either [221]. McKinney et al. in their studies came to the conclusion that the most important element of 
the TRT is directive counselling [222]. With habituation training an active, cognitive-behavioural 
therapeutic approach should therefore be favoured over a passive approach adapted to the use of 
noise generators (maskers/noisers). 

4.5 Cognitive-behavioural therapy for tinnitus 

For the treatment of chronic tinnitus, cognitive-behavioural approaches have proven to be more 
effective than medication-based and mainly acoustic therapeutic procedures. For a meta-analysis on 
the therapeutic efficacy of medication-based and psychological therapies for chronic subjective 
tinnitus, see also Schilter et al. (2000) [223]. Other reviews have been published by Dobie (1999), 
Wedel and Wedel (2000) and Andersson and Lyttkens (1999) [219], [224], [225]. 
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The "re-training group" of the ADANO proposes a combined medical-psychological procedure as an 
extension and modification to "classical" TRT. According to its definition, the German tinnitus retraining 
therapy (TRT-ADANO) is " ... a concept for the ambulant therapy of decompensated tinnitus, which on 
the basis of comprehensive diagnostics by ENT physicians (see "guidelines on tinnitus" of the 
DGHNO) based on the model of Jastreboff and Hazell [216], introduces an interdisciplinary therapy 
that then treats the patient using psychological and device-based acoustic procedures. The concept 
demands the active collaboration of the patient" (quoted after von Wedel and von Wedel 2000 [219]. A 
permanent habituation to tinnitus is the objective of therapy for chronic tinnitus. 

Tinnitus retraining therapy (TRT-ADANO) includes a basic module with comprehensive diagnostics 
and counselling as well as a follow-up module containing the actual retraining as essential 
components. Major aspects of the basic module are the "individually-oriented diagnostics" including 
the "tinnitus questionnaire of Goebel and Hiller 1998 [226] for determining the degree of severity and 
as a basis for therapeutic control" as well as psychological diagnostics, counselling and the 
development of individually customised tinnitus models. 

The follow-up module includes the "decision-making, introduction and if necessary indication of 
device-based acoustic measures (hearing aids, noisers) by the ENT physician in close cooperation 
with an audiologist" and the "continuing, regular counselling by the ENT physician and/or the 
psychotherapist including the relevant follow-up diagnostics, usually over 18 months" ... (partly quoted 
from: TRT-ADANO 2000, [219]). The TRT-ADANO therefore represents an extension of the initial 
Jastreboff concept, in which psychological diagnostics and where appropriate an accompanying 
psychotherapeutic treatment becomes an integrated component of the TRT. Detailed manuals on 
cognitive-behavioural treatment as an adjuvant to tinnitus retraining therapy are provided in books by 
Hesse et al. (1999) and Delb, D'Amelio Archonti and Schonecke (2002) [227], [228]. 

The reason underlying the great value of a cognitive-behavioural approach towards tinnitus (and also 
hyperacusis) therapy is a model of "central" tinnitus sensitization that differs fundamentally from the 
"perceptive" neurophysiological model of tinnitus hyperactivation (Jastreboff). At its heart lies a 
cognitive hypersensitivity (sensitization) towards the tinnitus [229]. Patients often perceive tinnitus as 
being much louder although audiological tinnitus matching reveals rather low levels. Acquired 
centralized tinnitus was hypothesised to be based on centralized cognitive sensitization processes 
which are suggested to be specific learning processes [229]. 

A complex cognitive-behavioural treatment is understood under the term tinnitus desensitization 
therapy (TDT), for which habituation via a primarily cognitive desensitization is striven for as a 
therapeutic outcome. The cognitive desensitization "...relies on changing patient's cognition, i.e. by 
changing tinnitus attitudes and beliefs using cognitive procedures specifically designed to fit patient's 
needs...". Patients "...will experience perceptual changes in tinnitus sounds which will help them to 
habituate tinnitus (stimulus tolereance)." [229]. Various authors have studied the therapeutic 
approaches used in TDT in prospective, controlled cohort studies. Individual components of a 
cognitive-behavioural therapy are described in papers by Delb et al (2002), Kroener-Herwig et al 
(1995, 1997, 2003) and Greimel and Biesinger (1999) [221], [230], [231], [232], [233]. 

In two high-quality prospective, controlled studies (evidence level lib according to the Oxford grading), 
a structured cognitive-behavioural therapy was found to be statistically significantly and clinically 
relevantly superior in comparison to cohorts not undergoing this treatment [221], [232]. 

4.6 Auditory training and sound therapy 

Auditory training also plays a role in the therapy of hearing disorders, e.g. as a component of a 
standardised procedure with provision of a hearing aid. Specialised establishments for treating and 
rehabilitating hearing disorders with tested, scientifically founded therapeutic concepts employ their 
own programs for a targeted active auditory training, particularly with serious hearing-loss or when a 
hearing-aid is also provided. 

From that one must distinguish the "sound therapy" after Tomatis or according to Berard, Nyffenegger, 
or modified procedures. A joint statement by the ADANO, the Association of Neuro-Paediatricians and 
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the German Society for Phoniatry and Paedaudiology (http://www.dgpp.de/cons_tomat.pdf) exists 
regarding this. According to this statement neither the sound therapy after Tomatis nor modified 
procedures can be recommended because of the lacl<ing scientific proof and evaluation of these 
procedures. 

5. Conservative treatment of various hearing disorders 
5.1 Idiopathic sudden sensorineural hearing loss (ISSNHL) 
5.1.1 Spontaneous recovery and placebo treatment 

For evaluating therapeutic success a comparison with spontaneous recovery rates or treatment under 
placebo is necessary. Unfortunately, with ISSNHL only a few studies have been published on this. 

Spontaneous healing with null therapy: Mattox and Simmons (1977) reported a complete 
hearing-recovery in 35 % (10 of 28 patients, Table 3 (Tab. 3) in [15]) and a complete or "good" hearing 
recovery amongst 57 % (16 of 28 patients. Table 3 (Tab. 3) in [15]) as well as 65 % (from discussion in 
[15]) of patients without any therapy. Amongst patients that did not provide any consent for a therapy 
in a clinical study and who therefore received no therapy, Wilson et al (1980) observed a spontaneous, 
complete hearing-recovery recorded in tone and speech audiograms in 29 of 52 cases (56 %). In 
cases of mid-frequency hearing loss the authors almost always found a spontaneous remission. But 
even when only hearing-loss in high and low frequency areas were considered - excluding 
mid-frequency hearing loss or severe to profound hearing loss (PTA > 90 dB HL) - a spontaneous 
remission was observed in 17 of 35 (49 %) patients [16]. The largest case series until now involving 63 
acute hearing loss patients without therapy (including 24 patients with placebo medication, see below) 
was published by Weinaug in 1984 [234]. The author reported complete hearing-recovery in 68 % and 
at least a partial hearing-recovery (full or complete remission) in 89 % of the patients. Patients under 
50 had a particularly good prognosis for full remission (89 %), as well as those with an average 
hearing-loss lower than 30 dB (88%). Moskowitz et al. (1984) reported on hearing recovery in four of 
nine patients (44 %) without therapy although quantification of "hearing-recovery" was not specified in 
detail in their paper [17]. Schuknecht reported spontaneous remission rates of 25 % (full remission) 
and 50 % (at least partial remission), although it was not clear from the publication how these data 
were obtained [235]. Veldmann et al (1993) reported a hearing-improvement (initial hearing-loss and 
full or partial remission not indicated) in 6 of 19 patients (32 %) "without specific medication-based 
therapy". When only those 13 patients with antibodies cross-reacting with heterologous inner ear 
proteins verified by Western blot were considered, a spontaneous remission rate of 46 % was found 
[18]. Chen et al. observed a spontaneous remission rate of 32 to 55 % (from 52 patients) depending 
on which audiological criteria were employed for defining remission [236]. 

Hearing-improvement under placebo therapy: It is generally assumed that placebo therapies show 
benefits over null therapies for many disorders [237]. However, this idea was strongly attacked in a 
recent review. Hrobjartsson and Gotzsche evaluated 156 clinical studies in which more than 11,000 
patients undergoing a placebo therapy (pharmacological, physical or psychological) were compared 
with those not receiving a therapy. This systematic review produced no evidence that a placebo 
therapy was generally superior to null therapy. One exception appeared to be related to continuous 
(as opposed to binary), subjective parameters reported by patients with pain and phobias [238], [239]. 
Because of similarities between pain and tinnitus [210], a comparable situation might be assumed to 
occur with this symptom. This must be considered particularly when planning case numbers and study 
durations for placebo-controlled studies relating to tinnitus therapy. With clinical studies on ISSNHL on 
the other hand, an equivalence of placebo therapy applied until now and a "pure" spontaneous healing 
observed with null therapy can be assumed. This is supported by two facts: 1 ) in studies involving 
hearing loss the parameters are more objective than is the case with the symptoms pain or tinnitus so 
that a placebo effect can be neglected [238], [239]; and 2) although intravenous infusion with 
physiological saline over 60 min in animal experiments produced a mild reduction in haematocrit, it 
induced no significant alteration in oxygen partial pressure in the perilymph, cochlear blood flow or 
cochlear electrophysiological parameters (cochlear microphonic, summating action potential and 
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acoustically evoked brain stem potentials), so that infusion with physiological saline alone can be 
considered as equivalent to a placebo treatment [66]. 

Several randomised clinical studies have compared therapy with physiological saline to that involving 
intravenous application of dextran and pentoxifylline [21], hydroxyethylstarch and pentoxifylline, [240] 
physiological (0.9%) saline and pentoxifylline [21], or procaine and dextran [41]. None of these studies 
found a statistically significant difference in the absolute improvement in hearing thresholds between 
verum medication and placebo (see Table 1 (Tab. 1)). Michel and Matthias in their randomised study 
(1991) also found no benefit of therapy with a stable prostacyclin analogue compared to therapy with a 
small amount of mannitol in physiological saline. The full remission rate reported by the authors lay in 
both groups at 70 % [33]. Cinamon et al. (2001) in a four-armed randomised study for investigating the 
efficacy of carbogen inhalants or prednisone (oral) also carried two placebo arms (inhalation of room 
air or placebo tablets). An average increase in hearing threshold of at least 15 dB was defined as a 
"hearing improvement". No difference was found between the therapy groups when a binary 
assessment was applied (hearing-improvement yes/no). If a parametric assessment was carried out 
on the average hearing-recovery in the pure tone audiogram according to the information provided in 
their publication, a clear tendency did in fact reveal itself: the patients inhaling carbogen always 
experienced the least (4.4 to 11.8 dB) and those inhaling room air the largest hearing-improvements 
(21.4 to 31.2 dB), irrespective of which frequency range was evaluated in the audiogram. The 
statistical significance could not be evaluated since the confidence intervals and standard deviations 
were not provided in the paper [241]. 

Considering all the above-mentioned observations with patient groups of different age and sex, with or 
without the existence of additional symptoms (tinnitus and vertigo) or cardiovascular risk factors, with 
various types of initial hearing-loss and audiograms, different monitoring timepoints (initial and end 
point), various procedures regarding the evaluation of hearing-recovery (absolute and relative), one 
can probably assume an average value for spontaneous full remission ofapprox. 50 % for all 
idiopathic sudden sensorineural hearing loss patients. The usefulness of this estimate is very 
restricted however, since prognosis depends on many factors. The evaluation of the efficacy of 
therapy compared to the natural course demands knowledge of spontaneous remission in a well 
characterised patient collective that corresponds closely to the therapy group, and which can normally 
only be guaranteed in a randomised, prospective study. 

5.1.2 Clinical studies on the therapy of ISSNHL 

The present general therapeutic approaches for acute hearing loss are therapy with glucocorticoids, 
rheological therapy (but not the primary vasodilatory therapy), ionotropic therapy, reduction of the 
endolymph volume, application of antioxidants, thrombocyte aggregation inhibition, fibrinogen 
reduction by apheresis, hyperbaric oxygenation and other medication-based and 
non-medication-based therapeutic procedures already described in full in chapters 2 to 4. These 
therapeutic approaches are based on pathophysiological considerations and disease models as well 
as the results of clinical studies. Controlled studies on therapy of ISSNHL over the last three decades 
are summarised in Table 1 (Tab. 1). These are usually prospective, randomised comparative studies 
and so-called add-on studies, and only a few placebo-controlled studies. The detail and quality with 
which the studies and results are published varies greatly in the listed publications. Even after 
publication of the "CONSORT statement on improving the quality of reporting of randomised, 
controlled, clinical studies" (1996) [242] or its updates (2001) [243], [244], most studies have not 
adhered to these guidelines. The unsatisfactory reporting of results of clinical studies has already been 
criticised on many occasions in the field of ENT medicine [245]. Frequently, information is missing 
regarding the screening before randomisation, the randomisation procedure, study interruption and 
"follow-up" rates and especially the confidence intervals when reporting the results. Assessment of the 
level of evidence of these studies is therefore complicated. 

With the therapy comparison studies listed in Table 1 (Tab. 1), two or several treatment modalities or 
medications are compared with one another. For the studies termed "add-on" studies Ihe 
therapy-modality or medication to be tested is given in addition to the "standard" therapy. In some 
studies the comparator group often received a placebo instead of a test medication in order to blind 
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the patient and/or the examining physician. Testing in comparison or in addition to a "standard" 
therapy is carried out primarily for ethical reasons. Since therapy with glucocorticoids has more or less 
established itself as a "standard therapy" worldwide (Table 3 (Tab. 3)), randomised studies comparing 
a pure placebo or null-therapy in the acute phase can no longer be carried out since they would 
invariably conflict with guidelines of the World Medical Association. Wherever this is available, a 
comparison of the efficacy of a test medication with that of a "standard therapy" is now required for 
clinical studies. This complies with point 29 of the Helsinki declaration of the World Medical 
Association in the version currently applicable in Germany, i.e. the version produced at the general 
meeting of the World Medical Association in Somerset West, South Africa in 1996. The placebo effect 
and the spontaneous healing rate must be considered in such studies with all groups (see above). 
Provided that the "standard" therapy shows an efficacy (compared to null or placebo therapy), smaller 
effects are to be expected for therapy comparison studies than would be the case with placebo- or 
null-controlled studies. Large case numbers can then lead to the demonstration of a statistical 
significance. However, the relevance, i,e. clinical significance of the extent of hearing-improvement, 
must always receive due attention. 

Placebo-controlled studies provide considerably more information about whether a therapy is in any 
way effective compared to the natural course of a disease. They present no ethical problem if no 
current "standard" therapy exists or the possibilities to perform it are exhausted (see also 3.3., Table 2 
(Tab. 2)). 

So-called cross-over studies are rarely encountered with ISSNHL, since these are better suited to 
analyse the therapy of chronic disorders. In these kind of studies both therapeutic groups receive the 
two therapies, but in reverse order with respect to one another. 

Retrospective comparative and "add-on" studies represent a special case. These are also known as 
nonconcurrent cohort studies (synonyms: "outcomes research" or "data base research"). Evaluations 
are made on already available data, e.g. from a database. Assignment to therapeutic groups after 
completion of therapy (without knowing the therapeutic result !) along with the often heterogeneous 
observation time-points and the large number of missing data points are the main reasons underlying 
their greater vulnerability to distortion than is the case with randomised studies. Despite this, such 
studies can be of a relatively high informative value if they are implemented correctly. 

In Table 1 (Tab. 1) it is clear that controlled studies result in different, sometimes contradictory results. 
Even randomised controlled studies need to be assessed critically regarding their informative value, 
since their quality often suffers if there are high "drop-out", i.e. low "follow-up" rates, or "per-protocol" 
analyses are only performed. Apart from differences in inclusion criteria, time of therapeutic onset, 
initial hearing-loss, dosing, therapy duration etc., various parameters for evaluating the absolute or 
relative change in hearing-performance and differences in evaluation timepoints complicate the 
comparison of different studies with one another. The results of current meta-analyses (Cochrane 
reviews) on sudden hearing loss therapy with vasodilators, glucocorticoids or HBO have not yet been 
published at the time of going to press. 

Apart from the controlled studies listed in Table 1 (Tab. 1), a large number of uncontrolled studies exist 
mostly in the form of retrospective evaluations of therapeutic results after treatment with a "standard" 
therapy. Even the sometimes very large case numbers should not serve to deceive about the clearly 
compromised informative value of these studies regarding the effectiveness of therapy, since they are 
lacking control groups. Provided that the patient collectives are well characterised, uncontrolled 
studies with large case numbers can however be of great benefit for comparing other therapy forms in 
other comparable patient collectives. They also allow prognoses to be estimated for subpopulations 
after stratification of the overall group. In this way they provide an excellent opportunity to identify 
patient collectives (e.g.) for planning (e.g. calculating the number of cases required) a prospective, 
randomised, controlled clinical study. 

The following are mentioned as examples of the large number of case series investigated to date (in 
alphabetical order): 

- Baujat et al. 2002, (n=136, glucocorticoids, dextran, sedatives) [246] 

- Byl 1984, (n=225, prednisone) [247] 
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- Chen et al. 2003, (n=266, prednisone) [236] 

- Edamatsu et al. 1985, (n=86, "Drug cocktail", stellate block and carbogen inhalation) [248] 

- Fetterman et al. 1996, (n=837, glucocorticoids and vasodilators) [249] 

- Hultcrantz et al. 1994, (n=101 , dextran, nicotinic acid, vitamin B) [250] 

- Inci et al. 2002, {n=51, HBO) [73] 

- Kanzaki et al. 1988, (n=183, glucocorticoids) [251] 

- Kau et al. 1997, (n=359, HBO after therapeutic failure) [74] 

- Leunig et al. 1995, (n=118, HES) [252] 

- Linssen and Schultz-Coulon 1997, (n=145, naftidrofuryl) [253] 

- Maassen et al. 2002, (n=57, dextran and procaine after delayed therapeutic onset) [254] 

- Michel et al. 2000, (n=1001 , prednisolone, dextran, pentoxiphylline) [255] 

- Michels and Matzker 1988, (n=548, xanthinol nicotinate or naftidrofuryl in fructose or naftidrofuryl in 
HES or dextran) [256] 

- Minoda et al. 2000, (n=250, "Drug cocktail", HBO, stellate block, glucocorticoids) [257] 

- Mosnier et al. 1998, (n=144, glucocorticoids, vasodilators) [258] 

- Murakawa et al. 2000, (n=522, HBO) [75] 

- Nakashima et al. 1998, (n=546, HBO) [76] 

- Samim et al. 2004, (n=68, prednisone, dextran and piracetam) [259] 

- Shiraishi et al. 1993, (n=98, batroxobin, vasodilator, dextran and vitamins) [260] 

- Wilkins et al. 1987, (n=109, medicine cocktail: dextran, histamine, diatrizoate, "steroids", 
"vasodilators", carbogen) [261] 

- Wissen and Aziz 1981, (n=112, medicine cocktail) [262] 

- Zadeh et al. 2003, (n=51, glucocorticoids + antiviral agent) [263] 

- Zastrow and Arndt 1987, (n=202, naftidrofuryl and dextran, 0.9 % saline, glucose or fructose solution) 
[264] 

The reviewing and commenting of the controlled clinical studies carried out in Table 1 (Tab. 1) should 
allow the reader to reach his/her own conclusions on the presented external evidence regarding the 
efficacy of the various treatment procedures for acute hearing loss. Also, with the qualitative, high 
value, double-blind, randomised, placebo-controlled studies it must not be forgotten that the absence 
of evidence for efficacy does not prove a procedure's ineffectiveness. 

Ultimately, the treatment of acute hearing-loss occurs on an individual basis according to the 
presumed pathophysiology, including the best available external evidence and considering the risks, 
side effects, economic aspects and individual treatment needs of the patient. With most sudden 
hearing loss patients, glucocorticoids appear to achieve the best therapeutic results on average. Their 
application was the first to be confirmed by external evidence and is therefore now considered 
internationally as a "standard" (Table 1 (Tab. 1) and 3 (Tab. 3)). 

Of special interest is the therapeutic application of magnesium for acute hearing-loss. In a 
randomised, placebo-controlled study, Nageris et al. found a statistically significantly greater 
improvement in the mean hearing threshold in response to additional oral application of magnesium 
aspartate in comparison to therapy with glucocorticoids alone [265]. 

With raised plasma fibrinogen levels, a fibrinogen/LDL apheresis appears to be suitable. Low 
frequency hearing loss with a suspected endolymphatic hydrops disorder is currently treated by 
dehydration therapy. Primary vasodilators are contraindicated for the therapy of ISSNHL since they 
can lead to a redistribution of blood flow and an inferior circulation to the cochlea (vascular steal 
effect). With a clinically presumed viral or immunopathological origin, a specific antiviral or 
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immunosuppressive tiierapy may be tlie most reasonabie approacin (see below). 

5.1 .3 Guidelines of tlie German Association for Otorhinolaryngology - l-lead and Necic Surgery 
for ISSNHL 

Uniil<e many otiner countries a guideline exists in Germany for the treatment of acute hearing loss 
(Table 3 (Tab. 3)). The consensus report was prepared by a nominal group process commissioned by 
the executive committee of the German Society for Otorhinolaryngology and Head and Neck Surgery 
(DGHNO) (last revision: January 2004) [266]. The national consensus conference provided treatment 
proposals in this guideline for the differential therapy of acute hearing loss (cited in excerpts with the 
generous permission of the DGHNO) (Figure 11 (Fig. 11)): 

Treatment procedures regarded as obsolete by the commission: 

1) Provision of pure oxygen at normal atmospheric pressure 

2) Ozone 

3) Ultraviolet-light 

4) Any form of laser therapy, even in association with ginkgo or similar preparations 

5) Suggestive psychotherapy 

6) Acupuncture alone 

7) Autologous blood treatment 

8) Vasodilators (see text) 

5.2 Acute acoustic trauma 

The therapy of acute acoustic trauma is carried out in a manner oriented towards the therapy of 
ISSNHL, although fewer controlled, randomised clinical studies have been performed than has been 
the case with ISSNHL. 

In 1980 Eibach and Boerger reported that none of the polypragmatic therapies they applied was 
superior to placebo and treatment with physiological saline [267]. In contrast, Pilgramm (1991) found a 
significantly greater hearing-improvement when patients received an intravenous rheological treatment 
with HES or dextran instead of physiological saline [268]. Additional therapy with naftidrofuryl 
combined with dextran, however, did not lead to a further improvement in therapeutic outcome [269]. 
In a prospective, randomised, placebo-controlled study, Probst et a! (1992) with acoustic trauma as 
with ISSNHL found no difference regarding relative hearing-improvement when patients were treated 
with dextran and pentoxifylline, 0.9 % saline and pentoxifylline or 0.9 % saline and placebo [21]. 

According to reports by Pilgramm et al., an additional hyperbaric oxygen therapy improves therapeutic 
outcome regarding hearing-loss and tinnitus after an acute acoustic trauma [270]. The study on 500 
patients in 10 groups treated with different medications showed that the best effect was achieved 
when combining HBO with dextran or HES [271]. 

Clinical testing of the calcium channel blocker diltiazem for preventing auditory threshold shifts due 
to drilling noise during ear surgery showed no protective effect of this substance against this minor 
acoustic trauma [272]. 

In a randomised, placebo-controlled study on army recruits it could be shown that pre and 
paraexposure application of magnesium aspartate during a two month phase of regular 
firing-practices was able to reduce the extent and probability of a permanent hearing-loss [273]. 

For a review on more recent animal-experimental studies investigating other medications for their 
ability to protect and treat acute acoustic traumas, see Rontke and Zenner (2004) [83]. 

5.3 Virus-associated and inflammatory-toxic sensorineural hearing loss 

Sensorineural hearing loss can occur with acute inflammations of the middle ear, with bullous 



26 



RontkeTherapy of hearing disorders - conservative procedures GIVIS Curr Top Otorhinolaryngol Head Necl< Surg 2005;4:Doc01 



haemorrhagic otitis externa ("bullous myringitis", German: "Grippeotitis") and with Herpes zoster oticus 
infections. While with Herpes zoster oticus a reactivation of varicella zoster viruses is known to be 
the cause, the mechanism of inner ear damage with acute otitis media and bullous haemorrhagic 
otitis externa is not yet clarified. Various hypotheses have already been the subject of long-standing 
research. Numerous animal-experimental and clinical investigations confirm an important role of 
respiratory viruses in the aetiology and pathogenesis of acute otitis media and bullous haemorrhagic 
otitis externa. As such, a rheological-anti-inflammatory therapy as with ISSNHL and a specific antiviral 
therapy are in principle feasible with these diseases in addition to the conventional decongestive and 
antibiotic therapies. Vaccines (influenza, but also against bacteria: pneumococci, hemophilus 
influenzae) might reduce the incidence and possibly also the complication rates of acute otitis media. 
The benefit of an antiviral therapy (e.g. with aciclovir) regarding acute sensorineural hearing loss 
observed with otitis media or a bullous haemorrhagic otitis externa has not yet been adequately 
confirmed. 

With idiopathic sudden sensorineural hearing loss, a subclinical viral labyrinthitis also represents a 
possible aetiological factor. The hypothesis is supported by epidemiological findings, observed 
seroconversions of viral antibody titres, imaging procedures (MRT) showing signs of labyrinthitis, 
histopathological studies on human petrosal bones as well as functional and histomorphological 
observations after experimentally-induced labyrinthitis in animals (for reviews see for example [274], 
[275]). It must be emphasised, however, that a number of prospective, randomised, controlled studies 
came to the uniform conclusion that supplementary application of aciclovir or valaciclovir provides no 
additional benefit to the therapy of acute, idiopathic hearing loss [275], [276], [277], [278]. 

5.4 Immune associated hearing disorders 

Hearing-disorders can occur as a symptom as part of a non-organ-specific autoimmune disorder or 
as an autoimmune inner ear disease "AIED" in its own right. Amongst the first mentioned include 
Cogan's syndrome, polyarteritis nodosa, recurring polychondritis, Wegener's granulomatosis, 
cryoglobulinaemia and rarely also sclerodermy, arteritis temporalis, systemic lupus erythematosus and 
Vogt-Koyanagi-Harada's syndrome. The therapy of non-organ specific autoimmune disorders usually 
occurs in collaboration and under the supervision of rheumatologists considering all the organ 
manifestations. 

The observation that it in some cases acute or rapidly progressing bilateral sensorineural 
hearing-losses can be clearly improved or completely corrected by an immunosuppressive therapy 
involving glucocorticoids has led to the term primary autoimmune inner ear disease [279]. The 
existence of such an entity is a matter of some controversy since "hard" immunological evidence is 
lacking. A specific, failsafe diagnostic procedure does not exist; the disease is only defined from the 
success of therapy and the exclusion of other known causes. The existence of AIED is supported, 
however, by animal-experimental studies. A number of antigens have been proposed as candidates 
although no single one can be considered as pathognomonic for all presumed AIED cases. For 
reviews on the fundamentals of the immunology and autoimmunology of the inner ear see for example 
Ryan et al. (2002), Gloddek and Arnold (2002), and Solar et al. (2003) [280], [281], [282]. 

With some patients an immunosuppressant therapy for some weeks followed by gradual tapering off 
slead to a lasting improvement. Glucocorticoids and other immunosuppressants are available for this 
purpose whereby the use of medications other than glucocorticoids for AIED should be looked at 
critically. Veldmann et al. compared the efficacy of prednisone therapy with combined prednisone and 
cyclophosphamide amongst twelve patients with rapidly progressing sensorineural hearing loss and 
found a hearing-improvement in 7 of the 12 patients (58 %) irrespective of which group the patients 
belonged to [18]. Other patients required chronic medication with immunosuppressants. Methotrexate 
until now has been a typical medication for implementing a chronic immunosuppressive therapy. In a 
randomised, double-blind, placebo-controlled multicentre study involving 67 patients, it was assessed 
whether methotrexate is suitable for maintaining hearing-recovery after a successful initial therapy of a 
presumed AIED with prednisone. In this clinical study with a high level of evidence, no benefit could be 
found from using metliotrexate in comparison with placebo concerning the maintenance of success of 
a prednisone therapy. 
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5.5 Hearing-disorders due to ototoxic drugs 

The cochleo-vestibulotoxic effect of aminoglycosides still represents a major problem because of the 
frequent application of these effective and economic antibiotics in many countries. Apart from this 
important group, numerous other medications with undesirable reversible or irreversible ototoxic side 
effects also exist: e.g. loop diuretics (furosemide, etacrynic acid), antimalarial drugs (chloroquinol), 
cytostatics (cisplatin). Various current approaches to prevent ototoxicity are currently aimed at 
achieving protection by pre and paraexposure drug application (for a review see Lautermann (2003), 
[283]). Pre-clinical, animal-experimental studies have revealed a protective effect of antioxidants 
(glutathione, a-liponic acid), iron chelators and salicylate (2-hydroxybenzoate). 

From acetylsalicylic acid it is known, that in excessively high doses reversibly causes tinnitus. 
However, high dose systemic application was also able to decrease the ototoxic effect of 
aminoglycoside antibiotics as shown in a prospective, randomised, placebo-controlled study in China 
[284]. For pre-clinical and clinical papers in this field refer to the numerous papers from Jochen 
Schacht's research group in Ann Arbor, Michigan. 

Local application of various medications (especially antioxidants) to the round window membrane for 
reducing the ototoxic effects of cisplatin is currently being intensively investigated in pre-clinical 
studies. The aim of local application is to avoid the inhibition of the anti-neoplastic effects of cisplatin 
that occur after systemic application as a result of drug interactions [1 55], [285]. 

5.6 l-iearing disorders as accompanying-symptoms of systemic disorders 

Acute or rapidly progressing hearing-loss can occur with haematological disorders such as 
polycythemia, (sickle cell) anaemia, leukaemia and lymphomas, neurological disorders such as 
migraine, idiopathic intracranial hypertension and multiple sclerosis, after operations on the 
open heart or lumbar puncture (e.g. also for a peridural anesthesia), as a paraneoplastic 

symptom and with chronic renal insufficiency due to haemodialysis. Therapy is provided here on a 
highly individualised basis in close collaboration with specialists from the appropriate disciplines. No 
controlled clinical studies on such therapies have as yet been published. 

If hearing-disorders occur in association with bacterial infectious diseases such as Lyme disease. 
Rocky Mountain fever or syphilis, a rheological or antioxidative therapy can be considered as an 
addition to the primary antibiotic therapy. Possible drug interactions should also be considered. No 
controlled clinical studies have been published with respect to these clinical states either. 

Hearing loss observed in up to 50 % of patients with osteitis deformans (Paget's disease) is in some 
cases sensorineural and therapeutic successes with calcitonin or bisphosphonates (etidronate) were 
described [286], [287]. 

5.7 Chronic sensorineural hearing loss 

Current treatment procedures for chronic sensorineural hearing loss involve the fitting of hearing-aids 
or the implantation of electronic hearing-implants wherever these are indicated [288]. A regenerative 
therapy with de novo formation of hair cells has only been made possible in animal experiments. The 
first successes in this field using Math1 gene transfer and initial results from stem-cell transplantation 
experiments raise hopes that a biologically-oriented therapy shall be available in the future as a 
replacement for device-based therapies [111], [115], [118], [126], [122]. 

5.7.1 Syndromal and non-syndromal hereditary sensorineural hearing loss 

With hereditary sensorineural hearing disorders one distinguishes non-syndromal 
(autosomal-dominant, autosomal-recessive, mitochondrial, X-chromosomal) from syndromal (e.g. 
Usher's syndrome, Waardenburg syndrome, Alport syndrome) hearing disorders. The incidence of 
especially non-syndromal hereditary hearing disorders is usually underestimated. A specific 
conservative therapy that does not involve a device-based rehabilitation does not yet exist. The first 
successes with gene therapy have been described in animal studies. Application of gene therapy in 
man will only be possible in the long term. For reviews on genetically conditioned hearing disorders 
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see for example Pfister and Blin (2002), and Cremers and Smith (2002) [289], [290]. 

5.7.2 Sensorineural hearing loss with otosclerosis 

An effective medication-based tinerapy tinat is relatively free of undesirable effects would represent a 
reasonable adjuvant to a surgical or device-based therapy for otosclerosis. This applies particularly to 
cases with a sensorineural component of hearing-loss and patients for whom operations are not 
possible or desired for a variety of reasons. In a double-blind, randomised study on the effectiveness 
of etidronate (a first generation bisphosphonate) in the treatment of progressive hearing-loss with 
otosclerosis, a clear tendency towards a stabilization or improvement of the air and bone conduction 
thresholds was seen after a two year therapy, although no statistically significant benefit for this 
medication could be shown [291]. The results of clinical studies with more effective bisphosphonates 
or newer medications that intervene in bone metabolism shall show whether a 
conservative-medication-based therapy of otosclerosis is effective. 

5.7.3 Presbyacusis 

The gradual and largely symmetrical loss of hearing associated with ageing (presbyacusis) can not 
strictly be distinguished from hearing losses induced by chronic exposure to harmful noxins (such as 
noise) or hearing-losses conditioned by genetic factors. The therapeutic goal with rehabilitation is to 
provide a timely device-based treatment using conventional or implantable hearing-aids and to avoid 
any social isolation that the patient might otherwise endure. A medication-based therapy or prevention 
does not exist. The influence of statins on the course of hearing loss associated with ageing is a 
matter of great interest in clinical-epidemiological research today. Statins reduce LDL cholesterol 
effectively and with that the risk of an acute coronary event or stroke, without increasing the general 
mortality [292]. Experimental studies on hypercholesterinaemia patients have shown for example that 
parameters of non-linear mechanical processes in the cochleas (speech comprehension, growth 
functions of the distortion products of otoacoustic emissions) of these patients are more pathological 
than they are in a comparative control group [293]. Whether intake of statins can influence a 
presbyacusis in a clinically relevant manner is still unknown, as are the risks and benefits of their 
application. 

5.8. Meniere's disease 

The therapy of Meniere's disease is dealt with in full in the chapter by Walther in this volume, and shall 
not therefore be dealt with any further here. 

5.9 Tinnitus 

5.9.1 Preliminary notes and reviews on the subject of tinnitus therapy 

In addition to the thousands of web sites on the subject of tinnitus, a multitude of scientific papers and 
books regarding the (hypotheses underlying the) pathophysiology, diagnostics and therapy of chronic 
tinnitus have appeared. From the German-speaking world the following books can be mentioned: 
Biesinger2002 [294], Feldmann (ed.) 1998 [295], Goebel 2001 [296], Goebel 2003 [297], Hesse 1999 
[228], Kroener-Herwig [231], Schaaf 2002 [298]. Special reference should be made to the recent book 
by Delb, D'Amelio Archonti and Schonecke 2002 [227] and the tinnitus guidelines of the DGHNO that 
were last revised in 1998 [299]. In the English-speaking world the following titles are mentioned from 
the extensive literature available in this field: Andersson 2004 [300], Jastreboff and Hazell 2004 [301], 
Jastreboff, Gray and Mattox 1999 [302], and Tyler 2000 [303]. Regarding the numerous articles on 
tinnitus therapy in scientific journals, two detailed meta-analyses by Andersson and Lyttkens (1999 
[224]) as well as Schilter et al (2000 [223]), and one review paper on randomised clinical studies by 
Dobie (1999 [225]) are mentioned here. 

5.9.2 Objective and subjective tinnitus 

A rational treatment for tinnitus must follow an adequate and thorough diagnostic procedure, as 
described in detail in the above-mentioned references. 
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With objective tinnitus, i.e. endogenous acoustic signals tinat migint also be heard by the examiner with 
his stethoscope in the patient's external auditory canal, diagnostics and therapy are directed towards 
determining and if possible eliminating the endogenous sound source. If intracranial or extracranial 
vascular causes (e.g. anomalies in the vascular supply, stenoses, vessel tumours amongst others) are 
responsible, a surgical therapy e.g. of a paraganglioma of the jugular bulb can be carried out to 
eliminate the tinnitus. In other cases, e.g. especially a vascular decompression in the cerebellopontile 
angle, the risks and benefits of a surgical intervention must be carefully weighed up on an individual 
basis. With myoclonias of the soft palate or the tensor tympani and stapedius muscle with "klicking" 
ear noises, botulinus toxin injections or carbamazepine can be considered. Breath synchronous 
"blowing" noises, due e.g. to a patulous Eustachian tube, can be countered by counselling the patient 
and if necessary surgical intervention. 

The therapy of subjective tinnitus is totally dependent on the presumed aetiology, timecourse and 
severity of impairment by this symptom and the comorbidities that often occur alongside the tinnitus. 
Therapy is carried out according to a phased concept that shall now be explained in more detail (Table 
4 (Tab. 4)). For a comparison of conventional therapies in different countries refer also to the results of 
our questionnaire survey (Table 3 (Tab. 3)). 

Irrespective of time-course and severity, any therapy for ear noise should be based primarily on 
medical explanation and counselling. 

5.9.3 Acute tinnitus 

With subjective, acute tinnitus, the main objective of therapy is the complete elimination or at least a 
reduction in the intensity (loudness) of the tinnitus. Apart from adequate diagnostics, immediate 
therapy is important, even if all diagnostic measures for clarifying the cause can not be carried out 
immediately. With a tinnitus that has only been extant for a few hours the patient should be 
encouraged to wait first (e.g. for 24 to 48 hours) since recovery can occur spontaneously (as is the 
case with ISSNHL). There is in any case a necessity of placebo-controlled clinical studies on this 
subject. If recovery does not occur a high-dose glucocorticoid therapy can be initiated. This occurs in a 
manner dependent on a patient's individual situation (desire for therapy and psychological strain) and 
the presence of any accompanying audiological symptoms and signs (where tinnitus is not an 
accompanying-symptom of an acute hearing loss). 

The pharmacological therapy of acute tinnitus is oriented towards that of the drug-based therapy of 
acute hearing loss. The following represent options for parallel or consecutive therapies: 

- Glucocorticoids (see 2.1) 

- Rheological therapy(see 2.2) 

- lonotropic therapy (see 2.3) 

Clinical testing of the efficacy and safety of specific, particularly neuropharmacological therapeutic 
approaches as described in chapter 2 and in different reviews is therefore of some importance [79], 
[80], [304], [305]. Initial clinical studies have revealed that the application of neurotransmitter 
antagonists (e.g. caroverine) is a promising approach [306]. However, a specific medication-based 
therapy against tinnitus has not yet been developed [303]. 

5.9.4 Subacute tinnitus 

With subjective, subacute tinnitus, the directive counselling of the patient and the identification and 
treatment of comorbidities that amplify the tinnitus, such as pathologies in the temporo-mandibular 
joint or cervical vertebra, as well as the application of relaxation techniques (progressive muscle 
relaxation, biofeedback, autogenic training) are the most important measures after completion of the 
diagnostics. With hearing-loss, hearing-aids should be fitted early on. The duration and intensity of 
treatment depends in great measure on the severity of the tinnitus influence (see below). The primary 
goal is to avoid its transformation into a chronic condition or to preclude a long-term decompensation 
of the patient. To this end knowledge and abilities must be conveyed to the patient so that he/she may 
counteract any future fluctuations in tinnitus suffering independently or with the help of a physician. 
This can occur as part of a habituation training (TDT, TRT-ADANO) related to the severity of the 
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tinnitus. In addition, self-iielp groups also play an important role, especially in facilitating the exchange 
of information between afflicted individuals. 

5.9.5 Chronic, compensated tinnitus 

With subjective, chronic tinnitus it must first be determined whether the patient has a compensated or 
a decompensated tinnitus. For patients with a completely compensated tinnitus no therapy is usually 
required. However, such patients should continue to receive tinnitus counselling in addition to 
diagnostics so that any future decompensation can be prevented. 

5.9.6 Chronic, decompensated tinnitus 

The goal of the therapy in this phase is to achieve a compensated state. The central aspect of the 
therapy is an evidence-based, structured habituation training. An active, cognitive-behavioural 
therapeutic approach (TRT-ADANO, TDT) is preferred over a passive therapy based on treatment with 
noise generators ("classical TRT") (see 4.4. and 4.5). Anxieties, depression and sleep disorders must 
often also be treated, e.g. through the application of anxiolytics and antidepressants. Psychosomatic 
diagnostics in most cases are not just advisable, they are in fact indispensable. Since chronic, 
decompensated tinnitus is a complex disorder, treatment should be carried out by physicians or 
psychotherapists specially trained in structured therapy, or by a team of physicians, psychotherapists, 
audiologists and physiotherapists. An evidence-based structuring of the therapy by specially trained 
therapeutic teams and a standardised recording of therapeutic results for quality assurance are 
important for this [219]. In suitable centres a grade III decompensated tinnitus (Biesinger's 
classification) can be treated ambulantly or on a day care basis. The more complex the disorder and 
the higher its severity, the more lil<ely shall a hospital-based therapy be indicated in a specialised 
institution. One should distinguish here between general "tinnitus" health centres and tried and tested, 
scientifically founded, structured therapeutic concepts in recognised establishments. With a grade IV 
decompensated tinnitus (Biesinger's classification), a primarily hospital-based multimodal 
psychotherapy is in general indicated for tinnitus management, which should then take the form of an 
ambulant psychotherapy. 

5.10 Hyperacusis 

Hyperacusis as a collective term for acoustic impressions originating from external sources and which 
are perceived as too loud, too unpleasant or too dangerous [307] can be expressed as generalised 
hyperacusis (with normal hearing), as hyperacusis with recruitment and as hyperacusis with 
phonophobia. In the majority of patients it occurs as a neurootological/psychosomatic symptom in 
association with tinnitus. For this reason therapy is closely oriented towards the above-mentioned 
strategies for treating tinnitus. The few therapeutic studies that have been carried out usually with 
re-training therapies, and which are barely comparable mainly because of differences in primary 
efficacy parameters, reported therapeutic successes of 60-80%. Comprehensive recent reviews on the 
subject of hyperacusis can be found in Melting et al (2002) and Goebel et al (2003) [297], [307]. 

6. Summary and perspectives 

A wide range of procedures exist for the conservative therapy of hearing disorders. Ultimately, the 
treatment of a hearing-disorder is given on an individual basis according to (sometimes only a 
presumed) pathophysiology and including the best available external evidence considering the risks, 
side effects, economic aspects and individual treatment needs of the patient. Wherever this is 
available, external evidence from randomised, double-blind, placebo-controlled, multicentre studies 
must be given the highest priority. These basic principles apply both for medication-based and 
non-medication-based therapeutic procedures. 

The major discrepancy between the promising animal studies on regeneration and stem-cell 
transplantation and the dearth of clinical studies of a high evidence level even with medications that 
have been established for decades is conspicuous. The universal application of glucocorticoids as a 
standard therapy for the treatment of acute inner ear disorders of different origin would appear at first 
glance to be a highly unsatisfactory situation. A therapy based on well-founded molecular and 
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cell-biological fundamentals and physiological knowledge is therefore the focus of intensive research 
now. Some pharmaceuticals appearing to be reasonable from a pathophysiological perspective have 
shown good results in pre-clinical experiments. Their efficacy and safety should now be tested in 
high-quality, controlled clinical studies in order to establish specific, efficient therapeutic procedures in 
clinical practice so that more ineffective therapies can be abandoned. Clinical testing of antioxidants, 
NMDA receptor antagonists and magnesium in particular would appear to represent a reasonable 
strategy in the short- and mid-term. Local application of drugs to the inner ear represents a promising 
adjuvant or alternative to the systemic therapy of inner ear disorders. 

The "12th amendment of the German pharmaceutical act (12. AMG-Novelle)" implements the 
regulations of European directive 2001/20 /EG regarding the application of good clinical practice for 
the implementation of clinical trials on human drugs under German law. Apart from obvious benefits, 
implementation according to these directives also unfortunately entails numerous problems that make 
it very difficult and expensive for universities and other non-commercial institutions to carry out such 
trials (so-called "Investigator Initiated Trials"). For precisely this reason a major priority is to exploit the 
advantages of already established networks, e.g. coordination centres for clinical studies (KKS) at 
universities in Germany in association with existing structures of scientific societies (DGHNO) and 
workgroups (ADANO). One should also optimise computer and internet resources for physicians and 
patients so that opportunities can be seized to enrol external patients or trial centres into already 
running clinical trials, or to participate in trials organised elsewhere. 

It would also be desirable if the resources available could be used for example to fund medical 
assistants to implement clinical trials instead of using them for medical billing and diagnosis related 
group (DRG) documentation purposes. This would improve the effectiveness of medical care on a 
scientific basis, also considering the cost-benefit scenario. 

Alongside the standards for reporting on clinical studies (CONSORT-statement), it shall also be 
necessary to agree upon standards for reporting hearing improvement. Until now the parameters 
employed for evaluating therapeutic results have differed very much both on a domestic and an 
international basis (see Table 1 (Tab. 1), "Evaluation"). There are of course good reasons for 
employing differing procedures to describe hearing improvement, but this state of affairs has made it 
almost impossible to carry out a meaningful comparison of all the studies. Such standards for reporting 
on audiological results could for example be based on already existing international standards, e.g. of 
the Committee on Equilibrium and Hearing of the American Academy of Otology and Neurotology. The 
albeit unsatisfactory standard that they have put forward for various hearing disorders (i.e. the "four 
frequency pure tone average") might be expanded to include an average hearing threshold that 
includes the low and high frequency regions. It would also be interesting to look at non-measurable 
hearing threshold values due to anacusis over the entire or a specific frequency range. Speech 
audiograms and hearing thresholds of the contralateral ear should also be considered. The 
development of such reporting standards represents an important means to improve the quality of 
medical care wherever external evidence is introduced. 



Acknowledgements 

I would like to thank Prof. Dr. med. Dr. h.c. mult. Hans-Peter Zenner for reviewing the manuscript. Also 
I would like to offer my gratitude to Dr. med. Ulla Arndt, Dr. med. Robert MIynski, PD Dr.med. Markus 
Pfister, Dr. med. Christian Rewnia, Dr. med. Bernhard Hirt and Dipl. Psych. Use M. Zaiaman for their 
constructive comments on parts of the manuscript. Much of the author's experimental work described 
in part 3 (Medication based therapy II. Local application of drugs) was done in the Cochlea fluids 
laboratory at Washington University in St. Louis in collaboration with Alec. N. Salt, Ph.D. The authors 
experimental studies were financially supported by the following projects: BfR/ZEBET WK1 -1328-1 62 
and WK1 -1328-1 71, UKT-fortune 1001-0-0 as well as UKT-AKF 66-0-0 and 50-1-0. Some sentences, 
tables and illustrations are taken from the author's habilitation dissertation. 

The English translation of this review article which was originally published in the Journal 
Laryngorhinootologie (2005) 84;Suppl 1:1-42 was sponsored by a grant from B. Braun 
Medizintechnologie GmbH, Germany. 



32 



RontkeTherapy of hearing disorders - conservative procedures GIVIS Curr Top Otorhinolaryngol Head Necl< Surg 2005;4:Doc01 



References 

1 . Forth W, Henschler D, Rummel W, Forstermann U, Starke K: Allgemeine und Spezielle 
Pharmakologie und Toxikologie. 8. Auflage ed, Urban & Fischer Verlag Munchen Jena, 2001 . 

2. Lamm K, Arnold W: How useful is corticosteroid treatment in cochlear disorders? 
Otorhinolaryngol Nova 1999;9:203-216 

3. Rarey KE, Luttge WG: Presence of type I and type ll/IB receptors for adrenocorticosteroid 
hormones in the inner ear. Hear Res 1989;41 (2-3):217-221 

4. Rarey KE, Curtis LM, ten Gate WJ: Tissue specific levels of glucocorticoid receptor within the 
rat inner ear. Hear Res 1993;64(2):205-21 0 

5. Rarey KE, Curtis LM: Receptors for glucocorticoids in the human inner ear. Otolaryngol Head 
Neck Surg 1996;115(1):38-41 

6. Wangemann P, Schacht J: Homeostatic mechanisms in the Cohlea; In: Dallos P, Popper AN, 
Fay RR (eds): The Cochlea. New York, Springer, 1996, pp 130-185 

7. Curtis LM, ten Cate WJ, Rarey KE: Dynamics of Na,K-ATPase sites in lateral cochlear wall 
tissues of the rat. Eur Arch Otorhinolaryngol 1993;250(5):265-270 

8. Erichsen S, Stierna P, Bagger-Sjoback D, Curtis LM, Rarey KE, Schmid W, Hultcrantz M: 
Distribution of Na,K-ATPase is normal in the inner ear of a mouse with a null mutation of the 
glucocorticoid receptor. Hear Res 1998;1 24(1 -2):1 46-1 54 

9. Trune DR, Wobig RJ, Kempton JB, Hefeneider SH. Steroid treatment improves cochlear 
function in the MRL.MpJ-Fas(lpr) autoimmune mouse. Hear Res. 1999;137(1-2):160-6 

10. Trune DR, Wobig RJ, Kempton JB, Hefeneider SH. Steroid treatment in young 
MRL.MpJ-Fas(lpr) autoimmune mice prevents cochlear dysfunction. Hear Res. 
1999;137(1-2):167-73 

11. Trune DR, Kempton JB, Kessi M. Aldosterone (mineralocorticoid) equivalent to prednisolone 
(glucocorticoid) in reversing hearing loss in MRL/MpJ-FasI pr autoimmune mice. 
Laryngoscope. 2000;1 10(1 1):1 902-6 

12. Gross ND, Kempton JB, Trune DR. Spironolactone blocks glucocorticoid-mediated hearing 
preservation in autoimmune mice. Laryngoscope. 2002;112(2):298-303 

13. Fukushima M, Kitahara T, Uno Y, Fuse Y, Doi K, Kubo T: Effects of intratympanic injection of 
steroids on changes in rat inner ear aquaporin expression. Acta Otolaryngol 
2002;122(6):600-606 

14. Fukushima M, Kitahara T, Fuse Y, Uno Y, Doi K, Kubo T: Changes in aquaporin expression in 
the inner ear of the rat after i.p. injection of steroids. Acta Otolaryngol SuppI 2004;(553):13-18 

15. Mattox DE, Simmons FB: Natural history of sudden sensorineural hearing loss. Ann Otol 
Rhinol Laryngol 1977;86(4 Pt 1):463-480 

16. Wilson WR, Byl FM, Laird N: The efficacy of steroids in the treatment of idiopathic sudden 
hearing loss. A double-blind clinical study. Arch Otolaryngol 1980;106(12):772-776 

17. Moskowitz D, Lee KJ, Smith HW: Steroid use in idiopathic sudden sensorineural hearing loss. 
Laryngoscope 1984;94(5 Pt 1):664-666 

18. Veldman JE, Hanada T, Meeuwsen F: Diagnostic and therapeutic dilemmas in rapidly 
progressive sensorineural hearing loss and sudden deafness. A reappraisal of immune 
reactivity in inner ear disorders. Acta Otolaryngol 1993;1 13(3):303-306 

19. Alexiou C, Arnold W, Fauser C, Schratzenstaller B, Gloddek B, Fuhrmann S, Lamm K: Sudden 
sensorineural hearing loss: does application of glucocorticoids make sense? Arch Otolaryngol 
Head Neck Surg 2001 ;127(3):253-258 

20. Lamm K, Arnold W: Sind durchblutungsfordernde Massnahmen mit Hamorheologika bei der 
Behandlung von Innenohrschwerhorigkeiten sinnvoll? Otorhinolayngol Nova 1993;3:285-291 

21. Probst R, Tschopp K, Ludin E, Kellerhals B, Podvinec M, Pfaltz CR: A randomized, 
double-blind, placebo-controlled study of dextran/pentoxifylline medication in acute acoustic 
trauma and sudden hearing loss. Acta Otolaryngol 1 992; 1 12(3) :435-443 

22. Kuo ST, Hsu WC, Young YH: Dextran-induced pulmonary edema in patients with sudden 
deafness. Otol Neurotol 2002;23(5):661-664 

23. Zaytoun GM, Schuknecht HF, Farmer HS: Fatality following the use of low molecular weight 
dextran in the treatment of sudden deafness. Adv Otorhinolaryngol 1983;31 :240-6 

24. Albegger K, Schneeberger R, Franke V, Oberascher G, Miller K: [Itching following therapy with 
hydroxyethyl starch (HES) in otoneurological diseases]. Wien Med Wochenschr 
1992;142(1):1-7 

25. Arzneimittelkommission der deutschen Arzteschaft: "UAW-News"-lnternational: 
Hydroxyethylstarke (HES) - Juckreiz. Dt Arztebl 2000;97(43):A2884 

26. Desloovere C, Knecht R: [Infusion therapy in sudden deafness. Reducing the risk of pruritus 
after hydroxyethyl starch and maintaining therapeutic success-a prospective randomized 



33 



RontkeTherapy of hearing disorders - conservative procedures GIVIS Curr Top Otorhinolaryngol Head Necl< Surg 2005;4:Doc01 

Study]. Laryngorhinootologie 1995;74(8):468-472 

27. Metze D, Reimann S, Szepfalusi Z, Bohle B, Kraft D, Luger TA: Persistent pruritus after 
hydroxyethyl starch infusion therapy: a result of long-term storage in cutaneous nerves. Br J 
Dermatol 1997;136(4):553-559 

28. Murphy M, Carmichael AJ, Lawler PG, White M, Cox NH: The incidence of hydroxyethyl 
starch-associated pruritus. Br J Dermatol 2001 ;144(5):973-976 

29. Lamm K, Arnold W: The effect of blood flow promoting drugs on cochlear blood flow, 
perilymphatic pO(2) and auditory function in the normal and noise-damaged hypoxic and 
ischemic guinea pig inner ear. Hear Res 2000;141(1-2):199-219 

30. Ohisen KA, Didier A, Baldwin D, Miller JM, Nuttall AL, Hultcrantz E: Cochlear blood flow in 
response to dilating agents. Hear Res 1992;58(1):19-25 

31 . Lenarz T: [Treatment of sudden deafness with the calcium antagonist nimodipine. Results of a 
comparative study]. Laryngorhinootologie 1989;68(1 1):634-637 

32. Mann W, Beck C, Beck C: Calcium antagonists in the treatment of sudden deafness. Arch 
Otorhinolaryngol 1986;243(3):170-173 

33. Michel O, Matthias R: [Placebo-controlled double-blind study of the treatment of sudden 
hearing loss with a stable prostacyclin analog]. Laryngorhinootologie 1991 ;70(5):255-259 

34. Nakashima T, Kuno K, Yanagita N: Evaluation of prostaglandin El therapy for sudden 
deafness. Laryngoscope 1989;99(5):542-546 

35. Ogawa K, Takei S, Inoue Y, Kanzaki J: Effect of prostaglandin El on idiopathic sudden 
sensorineural hearing loss: a double-blinded clinical study. Otol Neurotol 2002;23(5):665-668 

36. Olszewski E, Kostka-Trabka E, Reron E, Grodzinska L, Turek J, mbinska-Kiec A, Bieron K, 
Basista M, Kedzior A, Slawinski M: [Administration of prostacyclin in sudden deafness. 
Evaluation with the double blind method]. Otolaryngol Pol 1990;44(1):62-65 

37. Scherer EQ, Herzog M, Wangemann P: Endothelin-1 -induced vasospasms of spiral modiolar 
artery are mediated by rho-kinase-induced Ca(2+) sensitization of contractile apparatus and 
reversed by calcitonin gene-related Peptide. Stroke 2002;33(12):2965-2971 

38. Barany R: Die Beeinflussung des Ohrensausens durch intravenos injizierte Lokalanasthetika. 
Acta Otolaryngol 1935;23:201-207 

39. Laurikainen E, Lin X, Nuttall AL, Dolan DF: The mechanism and site of action of lidocaine 
hydrochloride in guinea pig inner ear. Acta Otolaryngol 1997;1 17(4):523-528 

40. Lenarz T: Treatment of tinnitus with lidocaine and tocainide. Scand Audiol SuppI 
1 986:26:49-51. :49-51. 

41 . Kronenberg J, Almagor M, Bendet E, Kushnir D: Vasoactive therapy versus placebo in the 
treatment of sudden hearing loss: a double-blind clinical study. Laryngoscope 

1992;102(1):65-68. 

42. Moser T, Beutner D: Kinetics of exocytosis and endocytosis at the cochlear inner hair cell 
afferent synapse of the mouse. Proc Natl Acad Sci U S A 2000;97(2):883-888 

43. Platzer J, Engel J, Schrott-Fischer A, Stephan K, Bova S, Chen H, Zheng H, Striessnig J: 
Congenital deafness and sinoatrial node dysfunction in mice lacking class D L-type Ca2+ 
channels. Cell 2000;102(1):89-97 

44. Engel J, Michna M, Platzer J, Striessnig J: Calcium channels in mouse hair cells: function, 
properties and pharmacology. Adv Otorhinolaryngol 2002;59:35-41 . 

45. Boettcher FA, Caldwell RK, Gratton MA, White DR, Miles LR: Effects of nimodipine on 
noise-induced hearing loss. Hear Res 1998;121(1-2):139-146 

46. Vollrath M, Marangos N, Hesse G: [Dehydration therapy in low tone hearing loss. An 
alternative to rheologic therapy?]. HNO 1990;38(4):154-157 

47. Evans P, Halliwell B: Free radicals and hearing. Cause, consequence, and criteria. Ann N Y 
Acad Sci 1999;884:19-40 

48. Kopke R, Allen KA, Henderson D, Hoffer M, Frenz D, Van de Water TR: A radical demise. 
Toxins and trauma share common pathways in hair cell death. Ann N Y Acad Sci 
1999;884:171-191 

49. Miller JM, Schacht J, Altschuler R: Prevention of noise-induced hearing loss; In: Henderson D, 
Prasher D, Kopke R., Hamernik RP (eds): Noise induced hearing loss: basic mechanisms, 
prevention and control. London, NRN publications, 2001, pp 215-230 

50. Lautermann J, Crann SA, McLaren J, Schacht J: Glutathione-dependent antioxidant systems 
in the mammalian inner ear: effects of aging, ototoxic drugs and noise. Hear Res 
1997;114(1-2):75-82 

51 . Gilgun-Sherki Y, Rosenbaum Z, Melamed E, Offen D: Antioxidant therapy in acute central 
nervous system injury: current state 17. Pharmacol Rev 2002;54(2):271-284 

52. Eidelman RS, Hollar D, Hebert PR, Lamas GA, Hennekens CH: Randomized trials of vitamin E 
in the treatment and prevention of cardiovascular disease. Arch Intern Med 

2004;1 64(1 4):1 552-1 556 

53. Vivekananthan DP, Penn MS, Sapp SK, Hsu A, Topol EJ: Use of antioxidant vitamins for the 



34 



RontkeTherapy of hearing disorders - conservative procedures GIVIS Curr Top Otorhinolaryngol Head Necl< Surg 2005;4:Doc01 



prevention of cardiovascular disease: meta-analysis of randomised trials. Lancet 
2003;361 (9374) :201 7-2023 

54. Packer L: alpha-Lipoic acid: a metabolic antioxidant which regulates NF-kappa B signal 
transduction and protects against oxidative injury. Drug Metab Rev 1998;30(2):245-275. 

55. Ziegler D, Nowak H, Kempler P, Vargha P, Low PA: Treatment of symptomatic diabetic 
polyneuropatlny with the antioxidant alpha-lipoic acid: a meta-analysis. Diabet Med 
2004;21(2):1 14-121 

56. Conlon BJ, Aran JM, Erre JP, Smith DW: Attenuation of aminoglycoside-induced cochlear 
damage with the metabolic antioxidant alpha-lipoic acid. Hear Res 1999;128(1-2):40-44. 

57. Rybak LP, Husain K, Whitworth C, Somani SM: Dose dependent protection by lipoic acid 
against cisplatin-induced ototoxicity in rats: antioxidant defense system. Toxicol Sci 

1999;47(2):1 95-202 

58. Weinaug P: [Treatment of acute inner ear diseases (sudden deafness and vestibular disorder) 
with meclofenoxate and acetylsalicylic acid]. HNO 1988;36(6):226-229 

59. Kubo T, Matsunaga T, Asai H, Kawamoto K, Kusakari J, Nomura Y, Oda M, Yanagita N, Niwa 
H, Uemura T, .: Efficacy of defibrinogenation and steroid therapies on sudden deafness. Arch 
Otolaryngol Head Neck Surg 1988;114(6):649-652 

60. Shiraishi T, Kubo T, Matsunaga T: Chronological study of recovery of sudden deafness treated 
with defibrinogenation and steroid therapies. Acta Otolaryngol 1991 ;1 1 1 (5):867-871 . 

61. Suzuki H, Furukawa M, Kumagai M, Takahashi E, Matsuura K, Katori Y, Shimomura A, 
Kobayashi T: Defibrinogenation therapy for idiopathic sudden sensorineural hearing loss in 
comparison with high-dose steroid therapy. Acta Otolaryngol 2003;123(1):46-50 

62. Hagen R: [Fibrinolytic therapy in sudden deafness with recombinant tissue-type plasminogen 
activator. Hemorheologic and therapeutic effects]. Laryngorhinootologie 1991 ;70(7):353-358 

63. Klemm E, Altmann E, Lange O: [Rheologic problems of microcirculation and consequences of 
drug therapy for sudden deafness]. Laryngol Rhinol Otol (Stuttg) 1983;62(2):62-64 

64. Lamm K, Arnold W: Noise-induced cochlear hypoxia is intensity dependent, correlates with 
hearing loss and precedes reduction of cochlear blood flow. Audiol Neurootol 
1996;1(3):148-160 

65. Lamm C, Walliser U, Schumann K, Lamm K: [Oxygen partial pressure measurements in the 
perilymph and scala tympani in normo- and hyperbaric conditions. An animal experiment 
study]. HNO 1988;36(9):363-366 

66. Lamm K, Lamm C, Arnold W: Effect of isobaric oxygen versus hyperbaric oxygen on the 
normal and noise-damaged hypoxic and ischemic guinea pig inner ear. Adv Otorhinolaryngol 
1998;54:59-85. :59-85 

67. Lamm K, Lamm H, Arnold W: Effect of hyperbaric oxygen therapy in comparison to 
conventional or placebo therapy or no treatment in idiopathic sudden hearing loss, acoustic 
trauma, noise-induced hearing loss and tinnitus. A literature survey. Adv Otorhinolaryngol 

1 998:54:86-99. :86-99 

68. Kestler M, Strutz J, Heiden C: [Hyperbaric oxygenation in early treatment of sudden deafness]. 
HNO 2001 ;49(9):71 9-723 

69. Fattori B, Berrettini S, Casani A, Nacci A, De VA, De IG: Sudden hypoacusis treated with 
hyperbaric oxygen therapy: a controlled study. Ear Nose Throat J 2001 ;80(9):655-660 

70. Racic G, Maslovara S, Roje Z, Dogas Z, Tafra R: Hyperbaric oxygen in the treatment of 
sudden hearing loss. ORL J Otorhinolaryngol Relat Spec 2003;65(6):31 7-320 

71. Asian I, Oysu C, Veyseller B, Baserer N: Does the addition of hyperbaric oxygen therapy to the 
conventional treatment modalities influence the outcome of sudden deafness? Otolaryngol 
Head Neck Surg 2002;126(2):121-126 

72. Topuz E, Yigit O, Cinar U, Seven H: Should hyperbaric oxygen be added to treatment in 
idiopathic sudden sensorineural hearing loss? Eur Arch Otorhinolaryngol 2004;261(7):393-396 

73. Inci E, Erisir F, Ada M, Ozturk O, Guclu E, Oktem F, Toprak M: [Hyperbaric oxygen treatment 
in sudden hearing loss after unsuccessful medical treatment]. Kulak Burun Bogaz Ihtis Derg 
2002;9(5):337-341 

74. Kau RJ, Sendtner-Gress K, Ganzer U, Arnold W: Effectiveness of hyperbaric oxygen therapy 
in patients with acute and chronic cochlear disorders. ORL J Otorhinolaryngol Relat Spec 
1997;59(2):79-83 

75. Murakawa T, Kosaka M, Mori Y, Fukazawa M, Misaki K: [Treatment of 522 patients with 
sudden deafness performed oxygenation at high pressure]. Nippon Jibiinkoka Gakkai Kaiho 
2000;103(5):506-515 

76. Nakashima T, Fukuta S, Yanagita N: Hyperbaric oxygen therapy for sudden deafness. Adv 
Otorhinolaryngol 1 998;54:1 00-9.:1 00-1 09 

77. Kanemaru S, Fukushima H, Nakamura H, Tamaki H, Fukuyama Y, Tamura Y: Alpha-lnterferon 
for the treatment of idiopathic sudden sensorineural hearing loss. Eur Arch Otorhinolaryngol 
1997;254(3):158-162 



35 



RontkeTherapy of hearing disorders - conservative procedures GIVIS Curr Top Otorhinolaryngol Head Necl< Surg 2005;4:Doc01 



78. Puel JL, Ruel J, Gervais dC, Pujol R: Excitotoxicity and repair of cochlear synapses after 
noise-trauma induced hearing loss. Neuroreport 1998;9(9):21 09-21 14 

79. Oestreicher E, Arnold W, Felix D: Neurotransmission of the cochlear inner hair cell 
synapse-implications for inner ear therapy. Adv Otorhinolaryngol 2002;59:131-139 

80. Puel JL, Ruel J, Guitton M, Pujol R: The inner hair cell afferent/efferent synapses revisited: a 
basis for new therapeutic strategies. Adv Otorhinolaryngol 2002;59:124-130 

81 . Ehrenberger K, Felix D: Caroverine depresses the activity of cochlear glutamate receptors in 
guinea pigs: in vivo model for drug-induced neuroprotection? 7. Neuropharmacology 
1992;31(12):1259-1263 

82. Oestreicher E, Ehrenberger K, Felix D: Different action of memantine and caroverine on 
glutamatergic transmission in the mammalian cochlea. Adv Otorhinolaryngol 2002;59:18-25 

83. Plontke S, Zenner HP: Current Aspects of Hearing Loss from Occupational and Leisure Noise. 
In: Schultz-Coulon HJ (ed.). Current Topics in Otorhinolaryngology -Head and Neck Surgery: 
Environmental and Occupational Health Disorders. 2004. Videel, Niebuel, Germany 

84. Haupt H, Scheibe F, Mazurek B: Therapeutic efficacy of magnesium in acoustic trauma in the 
guinea pig. ORL J Otorhinolaryngol Relat Spec 2003;65(3):134-139 

85. Joachims Z, Babisch W, Ising H, Gunther T, Handrock M: Dependence of noise-induced 
hearing loss upon perilymph magnesium concentration. J Acoust Soc Am 1983;74(1):104-108 

86. Scheibe F, Haupt H, Ising H, Cherny L: Therapeutic effect of parenteral magnesium on 
noise-induced hearing loss in the guinea pig. Magnes Res 2002;15(1-2):27-36 

87. Kallinen J, Laurikainen E, Laippala P, Grenman R: Sudden deafness: a comparison of 
anticoagulant therapy and carbogen inhalation therapy. Ann Otol Rhinol Laryngol 
1997;106(1):22-26 

88. Rahko T, Kotti V: Comparison of carbogen inhalation and intravenous heparin infusion 
therapies in idiopathic sudden sensorineural hearing loss. Acta Otolaryngol SuppI 
1997;529:86-7. :86-87 

89. Gutmann R, Mees K: [Piracetam infusions in acute tinnitus and sudden deafness]. Fortschr 

Med 1995;113(18):288-290 

90. Birks J, Grimley EV, Van DM: Ginkgo biloba for cognitive impairment and dementia. Cochrane 
Database Syst Rev 2002;(4):CD003120 

91 . Ahlemeyer B, Krieglstein J: Neuroprotective effects of Ginkgo biloba extract. Cell Mol Life Sci 
2003;60(9):1 779-1 792 

92. Hoffmann F, Beck C, Schutz A, Offermann P: [Ginkgo extract EGb 761 (tenobin)/HAES versus 
naftidrofuryl (Dusodril)/HAES. A randomized study of therapy of sudden deafness]. 
Laryngorhinootologie 1 994;73(3):1 49-1 52 

93. Reisser CH, Weidauer H: Ginkgo biloba extract EGb 761 or pentoxifylline for the treatment of 
sudden deafness: a randomized, reference-controlled, double-blind study. Acta Otolaryngol 
2001;121(5):579-584 

94. Burschka MA, Hassan HA, Reineke T, van BL, Caird DM, Mosges R: Effect of treatment with 
Ginkgo biloba extract EGb 761 (oral) on unilateral idiopathic sudden hearing loss in a 
prospective randomized double-blind study of 1 06 outpatients. Eur Arch Otorhinolaryngol 
2001;258(5):213-219 

95. Hilton M, Stuart E: Ginkgo biloba for tinnitus. Cochrane Database Syst Rev 
2004;(2):CD003852. 

96. Meier R, Tschopp K, Podvinec M, Grossenbacher R, Ermanni D, Probst R: [Results of a 
prospective open study of therapy of sudden deafness with flunarizine]. Laryngorhinootologie 
1993;72(6):291-294 

97. Harris JP, Weisman MH, Derebery JM, Espeland MA, Gantz BJ, Gulya AJ, Hammerschlag PE, 
Hannley M, Hughes GB, Moscicki R, Nelson RA, Niparko JK, Rauch SD, Telian SA, 
Brookhouser PE: Treatment of corticosteroid-responsive autoimmune inner ear disease with 
methotrexate: a randomized controlled trial. JAMA 2003;290(14):1 875-1 883 

98. Chole RA, McKenna M: Pathophysiology of otosclerosis. Otol Neurotol 2001 ;22(2):249-257 

99. Liu JM, Ma L, He WP: [Therapeutic effect of puerarin therapy on sudden deafness]. Di Yi Jun 
Yi Da Xue Xue Bao 2002;22(1 1 ):1 044-1 045 

100. Bibel M, Barde YA: Neurotrophins: key regulators of cell fate and cell shape in the vertebrate 
nervous system 1. Genes Dev 2000;14(23):2919-2937 

101. Paasche G, Gibson P, AverbeckT, Becker H, Lenarz T, Stover T: Technical report: 
modification of a cochlear implant electrode for drug delivery to the inner ear 363. Otol 
Neurotol 2003;24(2):222-227 

102. Pirvola U, Xing-Oun L, Virkkala J, Saarma M, Murakata C, Camoratto AM, Walton KM, Ylikoski 
J: Rescue of hearing, auditory hair cells, and neurons by CEP-1 347/KT751 5, an inhibitor of 
c-Jun N-terminal kinase activation 27. J Neurosci 2000;20(1):43-50 

103. Wang J, Ding D, Shulman A, Stracher A, Salvi RJ: Leupeptin protects sensory hair cells from 
acoustic trauma. Neuroreport 1999;10(4):81 1-816 



36 



RontkeTherapy of hearing disorders - conservative procedures GIVIS Curr Top Otorhinolaryngol Head Necl< Surg 2005;4:Doc01 

104. Wang J, Van De Water TR, Bonny C, de Ribaupierre F, Puel JL, Zine A: A peptide inhibitor of 
c-Jun N-terminal kinase protects against both aminoglycoside and acoustic trauma-induced 
auditory hair cell death and hearing loss. J Neurosci 2003;23(24):8596-8607 

105.Scarpidis U, Madnani D, Shoemaker C, Fletcher CH, Kojima K, Eshraghi AA, Staecker H, 
Lefebvre P, Malgrange B, Balkany TJ, Van De Water TR: Arrest of apoptosis in auditory 
neurons: implications for sensorineural preservation in cochlear implantation. Otol Neurotol 
2003;24(3):409-417 

106. Gentherapie; in: Brockhaus - die Enzyklopadie. F.A. Brockhaus Leipzig Mannheim, 1997, pp 
340. 

107. Probst FJ, Frideli RA, Raphael Y, Saunders TL, Wang A, Liang Y, Moreil RJ, Touchman JW, 
Lyons RH, Noben-Trauth K, Friedman TB, Camper SA: Correction of deafness in shaker-2 
mice by an unconventional myosin in a BAG transgene. Science 1998;280(5368):1 444-1 447 

108. Mburu P, Mustapha M, Varela A, Weil D, El-Amraoui A, Holme RH, Rump A, Hardisty RE, 
Blanchard S, Coimbra RS, Perfettini I, Parkinson N, Mallon AM, Glenister P, Rogers MJ, Paige 
AJ, Moir L, Clay J, Rosenthal A, Liu XZ, Blanco G, Steel KP, Petit C, Brown SD: Defects in 
whirlin, a PDZ domain molecule involved in stereocilia elongation, cause deafness in the 
whirler mouse and families with DFNB31 . Nat Genet 2003;34(4):421 -428 

109. Avraham KB, Raphael Y: Prospects for gene therapy in hearing loss. J Basic Clin Physiol 
Pharmacol 2003 ;1 4(2) :77-83 

1 lO.Lalwani AK, Jero J, Mhatre AN: Current issues in cochlear gene transfer. Audiol Neurootol 
2002;7(3):146-151 

1 1 1 .Minoda R, Izumikawa M, Kawamoto K, Raphael Y: Strategies for replacing lost cochlear hair 
cells. Neuroreport 2004;15(7):1 089-1 092 

1 12. Pfister M, Lowenheim H: Gentherapie des Innenohres. Medizinische Genetik 2002;14(1). 
53-57 

1 13. Cotanche DA: Structural recovery from sound and aminoglycoside damage in the avian 
cochlea. Audiol Neurootol 1999;4(6):271-285 

1 14. Smolders JW: Functional recovery in the avian ear after hair cell regeneration. Audiol 
Neurootol 1999;4(6):286-302 

1 15. Lowenheim H: Grundlagen der in vivo Regeneration im Kopf-Halsbereich. 
Laryngorhinootologie 2002;Suppl 1:1-23 

1 16. Ryan AF: The cell cycle and the development and regeneration of hair cells. Curr Top Dev Biol 
2003;57:449-66. :449-466 

117. Bermingham NA, Hassan BA, Price SD, Vollrath MA, Ben-Arie N, Eatock RA, Bellen HJ, 
Lysakowski A, Zoghbi HY: Mathi : an essential gene for the generation of inner ear hair cells. 
Science 1999;284(5421):1 837-1 841 

118. Kawamoto K, Ishimoto S, Minoda R, Brough DE, Raphael Y: Mathi gene transfer generates 
new cochlear hair cells in mature guinea pigs in vivo. J Neurosci 2003;23(1 1):4395-4400 

1 19.Shou J, Zheng JL, Gao WQ: Robust generation of new hair cells in the mature mammalian 
inner ear by adenoviral expression of Mathi. Mol Cell Neurosci 2003;23(2):169-179 

120. Forge A, Li L, Corwin JT, Nevill G: Ultrastructural evidence for hair cell regeneration in the 
mammalian inner ear. Science 1993;259(5101):1616-1619 

121. Warchol ME, Lambert PR, Goldstein BJ, Forge A, Corwin JT: Regenerative proliferation in 
inner ear sensory epithelia from adult guinea pigs and humans. Science 
1993;259(5101):1619-1622 

122. Izumikawa M, Minoda R, Kawamoto K, Abrashkin KA, Swiderski DL, Dolan DF, Brough DE, 
Raphael Y. Auditory hair cell replacement and hearing improvement by Atohl gene therapy in 
deaf mammals. Nat Med. 2005 Feb 13; [Epub ahead of print] 

123. Sage C, Huang M, Karimi K, Gutierrez G, Vollrath MA, Zhang DS, Garcia-Anoveros J, Hinds 
PW, Corwin JT, Corey DP, Chen ZY. Proliferation of functional hair cells in vivo in the absence 
of the retinoblastoma protein. Science. 2005 Feb 18;307(5712):1 114-8 

124. Li H, Corrales CE, Edge A, Heller S: Stem cells as therapy for hearing loss. Trends Mol Med 
2004;10(7):309-315 

125. Parker MA, Cotanche DA: The potential use of stem cells for cochlear repair. Audiol Neurootol 
2004;9(2):72-80 

126. Li H, Roblin G, Liu H, Heller S: Generation of hair cells by stepwise differentiation of embryonic 
stem cells. Proc Natl Acad Sci U S A 2003;1 00(23):1 3495-1 3500 

127. Li H, Liu H, Heller S: Pluripotent stem cells from the adult mouse inner ear. Nat Med 
2003;9(10):1 293-1 299 

128. Goycoolea MV: Clinical aspects of round window membrane permeability under normal and 
pathological conditions. Acta Otolaryngol 2001 ;121 (4):437-447 

129. Ersner MS, Spiegel EA, Alexander MH: Transtympanic injection of anesthetics for the 
treatment of Menier's Syndrome. Arch Otorhinolaryngol 1951 ;(54):43-52 

130. V6lger G: Beseitigung von Labyrinthliquordruckstorungen bei dem Menierschen 



37 



RontkeTherapy of hearing disorders - conservative procedures GIVIS Curr Top Otorhinolaryngol Head Necl< Surg 2005;4:Doc01 

Symptomkomplex durch das Hyaluronidasepraparat Kinetin. HNO 1952;3(5):142-147 

131. Chandrasekhar SS: Intratympanic dexamethasone for sudden sensorineural hearing loss: 
clinical and laboratory evaluation. Otol Neurotol 2001 ;22(1):18-23 

132. Gianoli GJ, Li JO: Transtympanic steroids for treatment of sudden hearing loss. Otolaryngol 
Head Neck Surg 2001 ;125(3):1 42-1 46 

133. Gouveris H, Selivanova O, Mann W. Intratympanic dexamethasone with hyaluronic acid in the 
treatment of idiopathic sudden sensorineural hearing loss after failure of intravenous steroid 
and vasoactive therapy. Eur Arch Otorhinolaryngol. 2005;262(2):131-4 

134. Ho HG, Hung-Ching L, Min-Tsan S, Cheng-Chien Y, Hsun-Tien T: Effectiveness of 
intratympanic dexamethasone injection in sudden-deafness patients as salvage treatment. 
Laryngoscope 2004;1 14(7):1 184-1 189 

135. Hoffmann KK, Silverstein H: Inner ear perfusion: indications and applications. Curr Opin 
Otolaryngol Head Neck Surg 2003;11(5):334-339 

136. Kopke RD, Hoffer ME, Wester D, O'Leary MJ, Jackson RL: Targeted topical steroid therapy in 
sudden sensorineural hearing loss. Otol Neurotol 2001;22(4):475-479 

137. Lefebvre PP, Staecker H: Steroid perfusion of the inner ear for sudden sensorineural hearing 
loss after failure of conventional therapy: a pilot study. Acta Otolaryngol 2002;1 22(7):698-702 

138. Fames LS, Sun AH, Freeman DJ: Corticosteroid pharmacokinetics in the inner ear fluids: an 
animal study followed by clinical application. Laryngoscope 1999;109(7 Ft 2):1-17 

139.ltoh A, Sakata E: Treatment of vestibular disorders. Acta Otolaryngol Supp1 1991 ;481 :61 7-623 
140.Sennaroglu L, Dini FM, Sennaroglu G, Gursel B, Ozkan S: Transtympanic dexamethasone 

application in Meniere's disease: an alternative treatment for intractable vertigo. J Laryngol 

Otol 1999;113(3):21 7-221 
141. Shea JJ, Jr., Ge X: Dexamethasone perfusion of the labyrinth plus intravenous 

dexamethasone for Meniere's disease. Otolaryngol Clin North Am 1996;29(2):353-358 
142. Silverstein H, Isaacson JE, Olds MJ, Rowan FT, Rosenberg S: Dexamethasone inner ear 

perfusion for the treatment of Meniere's disease: a prospective, randomized, double-blind, 

crossover trial. Am J Otol 1998;19(2):1 96-201 

143. Cesarani A, Capobianco S, Soi D, Giuliano DA, Alpini D: Intratympanic dexamethasone 
treatment for control of subjective idiopathic tinnitus: our clinical experience. Int Tinnitus J 
2002;8(2):111-114 

144. Coles RR, Thompson AC, O'Donoghue GM: Intra-tympanic injections in the treatment of 
tinnitus. Clin Otolaryngol 1992;17(3):240-242 

145. Sakata E, Ito Y, Itoh A: Clinical Experiences of Steroid Targeting Therapy to Inner Ear for 

Control of Tinnitus. Int Tinnitus J 1997;3(2):1 17-121 
146.Shulman A, Goldstein B: Intratympanic drug therapy with steroids for tinnitus control: a 

preliminary report. Int Tinnitus J 2000;6(1 ):1 0-20 
147. Silverstein H, Choo D, Rosenberg SI, Kuhn J, Seidman M, Stein I: Intratympanic steroid 

treatment of inner ear disease and tinnitus (preliminary report). Ear Nose Throat J 

1996;75(8):468-71, 474, 476 

148. Ristow W: Zur Behandlung der Meniere-Krankheit mittels temporarer Labyrinthanasthesie. Z 
Laryngol Rhinol 1968;(6):442-448 

149. Schwab B, Lenarz T, Heermann R: [Use of the Round Window micro Cath for Inner Ear 
Therapy - Results of a Flacebo-Controlled, Prospective Study on Chronic Tinnitus]. 
Laryngorhinootologie 2004;83(3):1 64-1 72 

150. Chen Z, Ulfendahl M, Ruan R, Tan L, Duan M: Acute treatment of noise trauma with local 
caroverine application in the guinea pig. Acta Otolaryngol 2003;123(8):905-909 

151. Hight NG, McFadden SL, Henderson D, Burkard RF, NicoteraT: Noise-induced hearing loss in 
chinchillas pre-treated with glutathione monoethylester and R-PIA. Hear Res 
2003;179(1-2):21-32 

152. Keithley EM, Ma CL, Ryan AF, Louis JC, Magal E: GDNF protects the cochlea against noise 

damage. Neuroreport 1998;9(10):21 83-21 87 

153. Wang J, Dib M, Lenoir M, Vago P, Eybalin M, Hameg A, Pujol R, Fuel JL: Riluzole rescues 
cochlear sensory cells from acoustic trauma in the guinea-pig. Neuroscience 
2002;111(3):635-648 

154. Korver KD, Rybak LP, Whitworth C, Campbell KM: Round window application of D-methionine 
provides complete cisplatin otoprotection. Otolaryngol Head Neck Surg 2002;126(6):683-689 

155. Li G, Frenz DA, Brahmblatt S, Feghali JG, Ruben RJ, Berggren D, Arezzo J, Van De Water 
TR: Round window membrane delivery of L-methionine provides protection from cisplatin 
ototoxicity without compromising chemotherapeutic efficacy. Neurotoxicology 

2001 ;22(2):1 63-1 76 

156. Dazert S, Battaglia A, Ryan AF: Transfection of neonatal rat cochlear cells in vitro with an 
adenovirus vector. Int J Dev Neurosci 1997;15(4-5):595-600 

157. Lalwani AK, Walsh BJ, Reilly PG, Muzyczka N, Mhatre AN: Development of in vivo gene 



38 



RontkeTherapy of hearing disorders - conservative procedures GIVIS Curr Top Otorhinolaryngol Head Necl< Surg 2005;4:Doc01 



therapy for hearing disorders: introduction of adeno-associated virus into the cochlea of the 

guinea pig. Gene Ther 1996;3(7):588-592 
158. Raphael Y, Frisancho JC, Roessler BJ: Adenoviral-mediated gene transfer into guinea pig 

cochlear cells in vivo. Neurosci Lett 1996;207(2):137-141 
159. Stover T, Yagi M, Raphael Y: Cochlear gene transfer: round window versus cochleostomy 

inoculation. Hear Res 1999;136(1-2):124-130 
leO.Bachmann G, Su J, Zumegen C, Wittekindt C, Michel O: Permeabilitat der runden 

Fenstermembran fur Prednisolon-21-Hydrogensuccinat. HNO 2001 ;49(7):538-542 
161 .Chen Z, Duan M, Lee H, Ruan R, Ulfendahl M: Pharmacokinetics of caroverine in the inner ear 

and its effects on cochlear function after systemic and local administrations in Guinea pigs. 

Audiol Neurootol 2003;8(1):49-56 

162. Hibi T, Suzuki T, Nakashima T: Perilymphatic concentration of gentamicin administered 
intratympanically in guinea pigs. Acta Otolaryngol 2001 ;121 :336-341 

163. Hoffer ME, Balough B, Henderson J, DeCicco M, Wester D, O'Leary MJ, Kopke R: Use of 
sustained release vehicles in the treatment of Meniere's disease. Otolaryngol Clin North Am 
1997;30(6):1 159-1 166 

164. Tran Ba HP, Bernard P, Schacht J: Kinetics of gentamicin uptake and release in the rat. 
Comparison of inner ear tissues and fluids with other organs. J Clin Invest 
1986;77(5):1 492-1 500 

165. Gallant C, Kenny P: Oral glucocorticoids and their complications. A review. J Am Acad 
Dermatol 1986;14(2 Pt 1):161-177 

166. Lange G, Maurer J, Mann W: Long-term results after interval therapy with intratympanic 
gentamicin for Meniere's disease. Laryngoscope 2004;114(1):102-105 

167. Thomsen J, Charabi S, Tos M: Preliminary results of a new delivery system for gentamicin to 
the inner ear in patients with Meniere's disease. Eur Arch Otorhinolaryngol 
2000;257(7):362-365 

168.Schoendorf J, Neugebauer P, Michel O: Continuous intratympanic infusion of gentamicin via a 

microcatheter in Meniere's disease. Otolaryngol Head Neck Surg 2001 ;124(2):203-207 
169. Salt AN, Ma Y: Ouantification of solute entry into cochlear perilymph through the round window 

membrane. Hear Res 2001 ;154(1-2):88-97 
170. Salt AN: Simulation of methods for drug delivery to the cochlear fluids. Adv Otorhinolaryngol 

2002;59:140-148 

171 .Hobble RK: Transport in an Infinite Medium; Intermediate Physics for Medicine and Biology. 
Springer New York, 1997, pp 85-90 

172. Plontke SK, Salt AN: Quantitative interpretation of corticosteroid pharmakokinetics in innner 
ear fluids using computer simulations. Hear Res 2003;182:34-42 

173. Chandrasekhar SS, Rubinstein RY, Kwartler JA, Gatz M, Connelly PE, Huang E, Baredes S: 
Dexamethasone pharmacokinetics in the inner ear: comparison of route of administration and 
use of facilitating agents. Otolaryngol Head Neck Surg 2000;122(4):521-528 

174.Selivanova O, Maurer J, Ecke U, Mann WJ: [The effects of Streptolysin-0 and sodium 

hyaluronate on the permeability of the round window membrane in guinea pigs-an 

electrophysiologic study]. Laryngorhinootologie 2003;82(4):235-239 
175.0hyama K, Salt AN, Thalmann R: Volume flow rate of perilymph in the guinea-pig cochlea. 

Hear Res 1988;35(2-3):119-129 
176. Salt AN, Ohyama K, Thalmann R: Radial communication between the perilymphatic scalae of 

the cochlea. II: Estimation by bolus injection of tracer into the sealed cochlea. Hear Res 

1991;56(1-2):37-43 

177. Salt AN, Thalmann R, Marcus DC, Bohne BA: Direct measurement of longitudinal endolymph 

flow rate in the guinea pig cochlea. Hear Res 1986;23(2):141-151 
178.Plontke SK, Wood AW, Salt AN: Analysis of gentamicin kinetics in fluids of the inner ear with 

round window administration. Otol Neurotol 2002;23(6):967-974 
179.Saijo S, Kimura RS: Distribution of HRP in the inner ear after injection into the middle ear 

cavity 388. Acta Otolaryngol 1984;97(5-6):593-610 

180. Hoffer ME, Allen K, Kopke RD, Weisskopf P, Gottshall K, Wester D: Transtympanic versus 
sustained-release administration of gentamicin: kinetics, morphology, and function. 
Laryngoscope 2001 ;1 1 1 (8):1 343-1 357 

181. Laurell G, Teixeira M, Sterkers O, Bagger-Sjoback D, Eksborg S, Lidman O, Ferrary E: Local 
administration of antioxidants to the inner ear. Kinetics and distribution. Hear Res 

2002;1 73(1 -2):1 98-209 

182. Arnold W, Senn P, Hennig M, Michaelis C, Deingruber K, Scheler R, Steinhoff HJ, Riphagen F, 
Lamm K. Novel slow- and fast- type drug release round-window microimplants for local drug 
application to the cochlea, an experimental study in guinea pigs. Audiol Neurootol 2005; 10: 
53-63 

183. Thorne M, Salt AN, DeMott JE, Henson MM, Henson OW, Jr., Gewalt SL: Cochlear fluid space 



39 



RontkeTherapy of hearing disorders - conservative procedures GIVIS Curr Top Otorhinolaryngol Head Necl< Surg 2005;4:Doc01 

dimensions for six species derived from reconstructions of tinree-dimensional magnetic 

resonance images. Laryngoscope 1999;1 09(1 0):1 661 -1668 
184.Hara A, Salt AN, Thalmann R: Perilymph composition in scala tympani of the cochlea: 

influence of cerebrospinal fluid. Hear Res 1989;42(2-3):265-271 
1 85. Salt AN, Kellner C, Hale S: Contamination of perilymph samples from the basal cochlear fluid 

with cerebrospinal fluid. Hear Res 2003;(182):23-33 
186.Scheibe F, Haupt H, Bergmann K: On sources of error in the biochemical study of perilymph 

(guinea pig). Arch Otorhinolaryngol 1984;240:43-48 

187. Hahn H, Plontke SK, Zenner HP, Salt AN: Microdialysis for studying pharmacokinetics in the 
inner ear and interpretation of results using a finite element model. Assoc Res Otolaryngol Abs 
2004;65 

188. Lange G: [27 years experiences with transtympanic aminoglycoside treatment of Meniere's 
disease]. Laryngorhinootologie 1995;74(12):720-723 

189.Schuknecht HF: Ablation therapy in the management of Meniere's disease. Acta Otolaryngol 
1957;47(Suppl 132):1-42 

190. Arriaga MA, Goldman S: Hearing results of intratympanic steroid treatment of endolymphatic 
hydrops. Laryngoscope 1998;1 08(11 Pt 1):1 682-1 685 

191. Kroath F: Transtympanale Injektion zur Behandlung des Meniereschen Syndroms. Z Laryngol 
Rhinol 1960;39:190 

192.Silverstein H, Arruda J, Rosenberg SI, Deems D, Hester TO: Direct round window membrane 
application of gentamicin in the treatment of Meniere's disease. Otolaryngol Head Neck Surg 
1999;120(5):649-655 

193. Alzamil KS, Linthicum FH, Jr.: Extraneous round window membranes and plugs: possible 
effect on intratympanic therapy. Ann Otol Rhinol Laryngol 2000;109(1):30-32 

194. Plontke SK, Plinkert PK, Plinkert B, Koitschev A, Zenner HP, Lowenheim H: Transtympanic 
endoscopy for drug delivery to the inner ear using a new microendoscope. Adv 
Otorhinolaryngol 2002;59:149-155 

195.Silverstein H: Use of a new device, the MicroWick, to deliver medication to the inner ear. Ear 
Nose Throat J 1999;78(8):595-8, 600 

196. Lehner R, Brugger H, Maassen MM, Zenner HP: A totally implantable drug delivery system for 
local therapy of the middle and inner ear. Ear Nose Throat J 1997;76(8):567-570 

1 97. Praetorius M, Limberger A, Muller M, Lehner R, Schick B, Zenner HP, Plinkert P, Knipper M: A 
novel microperfusion system for the long-term local supply of drugs to the inner ear: 
implantation and function in the rat model. Audiol Neurootol 2001 ;6(5):250-258 

198. Endo T, Nakagawa T, Kita T, Iguchi F, Kim TS, Tamura T, Naito Y, Tabata Y, Ito J: A novel 
drug delivery system into the innner ear. Abs Assoc Res ORL 2004;27:64 

199. Plontke, S., Lowenheim, H., Preyer, S., Leins, S., Koitschev, A., Zimmermann, R., and Zenner, 
H. P. Outcomes research analysis of continuous intratympanic glucocorticoid delivery in 
patients with acute severe to profound hearing loss: basis for planning of randomized 
controlled trials. Acta Otorhinolaryngologica 2005; [Epub ahead of print] 

200. Lautermann J, Sudhoff H, Junker R. Transtympanic corticoid therapy for acute profound 
hearing loss. Eur Arch Otorhinolaryngol. 2005; [Epub ahead of print] 

201 .Suckfull M, Thiery J, Schorn K, Kastenbauer E, Seidel D: Clinical utility of LDL-apheresis in the 
treatment of sudden hearing loss: a prospective, randomized study. Acta Otolaryngol 
1999;119(7):763-766 

202. Suckfull M: Fibrinogen and LDL apheresis in treatment of sudden hearing loss: a randomised 
multicentre trial. Lancet 2002;360(9348):1811-1817 

203. Ullrich H, Kleinjung T, Steffens T, Jacob P, Schmitz G, Strutz J: Improved treatment of sudden 
hearing loss by specific fibrinogen aphaeresis. J Clin Apheresis 2004;19(2):71-78 

204. Hallett M: Transcranial magnetic stimulation and the human brain. Nature 
2000;406(6792):147-150 

205. Chen R, Classen J, Gerloff C, Celnik P, Wassermann EM, Hallett M, Cohen LG: Depression of 
motor cortex excitability by low-frequency transcranial magnetic stimulation. Neurology 
1997;48(5):1398-1403 

206. Plewnia C, Bartels M, Gerloff C: Transient suppression of tinnitus by transcranial magnetic 
stimulation. Ann Neurol 2003;53(2):263-266 

207. Muhlnickel W, Elbert T, Taub E, Flor H: Reorganization of auditory cortex in tinnitus. Proc Natl 
Acad Sci U S A 1998;95(17):1 0340-1 0343 

208. Rauschecker JP: Auditory cortical plasticity: a comparison with other sensory systems. Trends 
Neurosci 1999;22(2):74-80 

209. Lockwood AH, Wack DS, Burkard RF, Coad ML, Reyes SA, Arnold SA, Salvi RJ: The 
functional anatomy of gaze-evoked tinnitus and sustained lateral gaze. Neurology 
2001;56(4):472-480 

210. Moller AR: Similarities between severe tinnitus and chronic pain. J Am Acad Audiol 



40 



RontkeTherapy of hearing disorders - conservative procedures GIVIS Curr Top Otorhinolaryngol Head Necl< Surg 2005;4:Doc01 



2000;11(3):115-124 

211. Hoffman RE, Cavus I: Slow transcranial magnetic stimulation, long-term depotentiation, and 
brain hyperexcitability disorders. Am J Psychiatry 2002;159(7):1 093-1 102 

212. Eichhammer P, Langguth B, Marienhagen J, Kleinjung T, Hajak G: Neuronavigated repetitive 
transcranial magnetic stimulation in patients with tinnitus: a short case series. Biol Psychiatry 
2003;54(8):862-865 

213. Plewnia C, Kammer T, Gerioff 0: Comment on "Neuronavigated repetitive transcranial 
magnetic stimulation in patients with tinnitus: a short case series". Biol Psychiatry 
2004;55(11):1117-1118 

214.0kusa M, Shiraishi T, Kubo T, Matsunaga T: Tinnitus suppression by electrical promontory 
stimulation in sensorineural deaf patients. Acta Otolaryngol Supp1 1993;501 :54-8.:54-58 

215. DeRidder D., DeMulder G., Walsh V, Muggleton N, Sunaert S, Moller A: Magnetic and 
electrical stimulation of the auditory cortex for intractable tinnitus. Case report. J Neurosurg 
2004;100(3):560-564 

216. Jastreboff PJ, Hazell JW: A neurophysiological approach to tinnitus: clinical implications 10. Br 
J Audiol 1993;27(1):7-17 

217. Jastreboff PJ, Jastreboff MM: Tinnitus retraining therapy for patients with tinnitus and 
decreased sound tolerance 13. Otolaryngol Clin North Am 2003;36(2):321-336 

218. Kroener-Herwig B, Biesinger E, Gerhards F, Goebel G, VerenaGK, Hiller W: Retraining 
therapy for chronic tinnitus. A critical analysis of its status 1 7. Scand Audiol 2000;29(2):67-78 

21 9. von Wedel H, von Wedel UC: [An assessment of tinnitus retraining therapy] 16. HNO 
2000;48(12):887-901 

220. Goebel G, Rubier D, Stepputat F, Hiller W, Heuser J, Fichter MM: Controlled prospective study 
of tinnitus retraining therapy compared to tinnitus coping therapy and broad-band noise 
generator therapy.; In: Hazell JW (ed): Proceedings of the Sixth International Tinnitus Seminar. 
Cambridge, 1999, pp 302-306 

221 .Delb W, D'Amelio R, Boisten CJ, Plinkert PK: [Evaluation of the tinnitus retraining therapy as 
combined with a cognitive behavioral group therapy]. HNO 2002 ;50(1 1):997-1 004 

222.McKinney CJ, Hazell JW, Graham RL: An evaluation of the TRT method; In: Hazell JW (ed): 
Proceedings of the Sixth International Tinnitus Seminar. Cambridge, 1999, pp 99-105 

223.Schilter B, Jager B, Heermann R, Lamprecht F: [Drug and psychological therapies in chronic 
subjective tinnitus. Meta-analysis of therapeutic effectiveness]. HNO 2000;48(8):589-597 

224. Andersson G, Lyttkens L: A meta-analytic review of psychological treatments for tinnitus. Br J 
Audiol 1999;33(4):201-210 

225. Dobie RA: A review of randomized clinical trials in tinnitus. Laryngoscope 
1999;109(8):1202-1211. 

226. Goebel G, Hiller W: Tinnitus-Fragebogen (TF). Ein Instrument zur Erfassung von Belastung 
und Schweregrad bei Tinnitus. Gottingen Bern Toronto Seatlle, Hogrefe, 1998 

227. Delb W, D'Amelio R, Archonti C, Schonecke O: Tinnitus. Ein Manual zur 
Tinnitus-Retrainingtherapie. Gottingen Bern Toronto Seattle, Hogrefe-Verlag, 2002 

228. Hesse G, Biesinger E, Greimel KV, Laubert A, Nelting M, Schaaf H, von Wedel H: Retraining 
und Tinnitustherapie. Stuttgart, New York, Georg Thieme Verlag, 1999. 

229. Zenner HP, Zaiaman IM: Cognitive tinnitus sensitization: behavioral and neurophysiological 
aspects of tinnitus centralization. Acta Otolaryngol 2004;124(4):436-439 

230. Greimel KV, Biesinger E: [Psychological principles in the treatment of tinnitus patients]. HNO 
1999;47(2):130-134 

231. Kroener-Herwig B: Psychologische Behandlung des chronischen Tinnitus. Weinheim, Beltz, 
Psychologie Verlags Union, 1997 

232. Kroner-Herwig B, Hebing G, Rijn-Kalkmann U, Frenzel A, Schilkowsky G, Esser G: The 
management of chronic tinnitus-comparison of a cognitive-behavioural group training with 
yoga. J Psychosom Res 1995;39(2):153-165 

233. Kroner-Herwig B, Frenzel A, Fritsche G, Schilkowsky G, Esser G: The management of chronic 
tinnitus: comparison of an outpatient cognitive-behavioral group training to minimal-contact 
interventions. J Psychosom Res 2003 ;54(4):381 -389 

234. Weinaug P: [Spontaneous remission in sudden deafness]. HNO 1984;32(8):346-351 
235.Schuknecht HF: Sudden Deafness; Pathology of the Ear. Philadelphia, Lea & Febiger, 1993, 

pp 524-529 

236. Chen CY, Halpin C, Rauch SD: Oral steroid treatment of sudden sensorineural hearing loss: a 
ten year retrospective analysis. Otol Neurotol 2003;24(5):728-733 

237. Beecher HK: The powerful placebo. JAMA 1955;159:1602-1606 

238. Hrobjartsson A, Gotzsche P: Placebo interventions for all clinical conditions. Cochrane 
Database Syst Rev 2004;3:CD003974 

239. Hrobjartsson A, Gotzsche PC: Is the placebo powerless? Update of a systematic review with 
52 new randomized trials comparing placebo with no treatment. J Intern Med 



41 



RontkeTherapy of hearing disorders - conservative procedures GIVIS Curr Top Otorhinolaryngol Head Necl< Surg 2005;4:Doc01 



2004;256(2):91-100 

240. Desloovere C, Meyer-Breiting E, von IC: [Randomized double-blind study of therapy of sudden 
deafness: initial results]. HNO 1988;36(10):41 7-422 

241. Cinamon U, Bendet E, Kronenberg J: Steroids, carbogen or placebo for sudden hearing loss: a 
prospective double-blind study. Eur Arch Otorhinolaryngol 2001 ;258(9):477-480 

242. Begg C, Cho M, Eastwood S, Norton R, Moher D, OIkin I, Pitkin R, Rennie D, Schuiz KF, 
Simel D, Stroup DF: Improving the quality of reporting of randomized controlled trials. The 
CONSORT statement. JAMA 1996;276(8):637-639 

243. Altman DG, Schuiz KF, Moher D, Egger M, Davidoff F, Elbourne D, Gotzsche PC, Lang T: The 
revised CONSORT statement for reporting randomized trials: explanation and elaboration. Ann 
Intern Med 2001 ;134(8):663-694 

244. Moher D, Schuiz KF, Altman DG: The CONSORT statement: revised recommendations for 
improving the quality of reports of parallel-group randomised trials. Lancet 
2001;357(9263):1191-1194 

245. Ah-See KW, Molony NC: A qualitative assessment of randomized controlled trials in 
otolaryngology. J Laryngol Otol 1 998; 1 12(5) :460-463 

246. Baujat B, De Minteguiaga C, Lecanu JB, Herman P, Tran Ba Huy P: [Is sudden sensorineural 
hearing loss a therapeutic emergency? Early results in a prospective cohort of 136 patients]. 
Ann Otolaryngol Chir Cervicofac 2002;1 19(1):3-1 1 

247. Byl FM, Jr.: Sudden hearing loss: eight years' experience and suggested prognostic table. 
Laryngoscope 1984;94(5 Pt 1):647-661 

248. Edamatsu H, Hasegawa M, Oku T, Nigauri T, Kurita N, Watanabe I: Treatment of sudden 
deafness: carbon dioxide and oxygen inhalation and steroids. Clin Otolaryngol 
1985;10(2):69-72 

249. Fetterman BL, Saunders JE, Luxford WM: Prognosis and treatment of sudden sensorineural 
hearing loss. Am J Otol 1996;17(4):529-536 

250. Hultcrantz E, Stenquist M, Lyttkens L: Sudden deafness: a retrospective evaluation of dextran 
therapy. ORL J Otorhinolaryngol Relat Spec 1994;56(3):137-142 

251 .Kanzaki J, Taiji H, Ogawa K: Evaluation of hearing recovery and efficacy of steroid treatment 
in sudden deafness. Acta Otolaryngol SuppI 1988;456:31-6.:31-36 

252. Leunig A, Szeimies RM, Wilmes E, Gutmann R, Stolz W, Feyh J: [Clinical and electron 
microscopy study of sudden deafness treatment with the 10% HES 200/0.5 and pentoxifylline 
combination]. Laryngorhinootologie 1995;74(3):135-140 

253. Linssen O, Schultz-Coulon HJ: [Prognostic criteria in sudden deafness]. HNO 
1997;45(1):22-29 

254. Maassen MM, Pfister M, Plontke S, Koitschev A, Vogler A, Lowenheim H: [Recovery of 
hearing: results of delayed medical treatment in patients with idiopathic sudden hearing loss]. 
HNO2002;50(12):1062-1067 

255. Michel O, Jahns T, Joost-Enneking M, Neugebauer P, Streppel M, Stennert E: [The Stennert 
antiphlogistic-rheologic infusion schema in treatment of cochleovestibular disorders]. HNO 
2000;48(3):182-188 

256. Michels E, Matzker J: [Sudden deafness and its therapy. Clinical study of 548 cases]. Laryngol 
Rhinol Otol (Stuttg) 1988;67(4):171-176 

257. Minoda R, Masuyama K, Habu K, Yumoto E: Initial steroid hormone dose in the treatment of 
idiopathic sudden deafness. Am J Otol 2000;21 (6):81 9-825 

258. Mosnier I, Bouccara D, tassi-Dumont M, Sterkers O: [Treatments of idiopathic sudden 
sensorineural hearing loss: retrospective study of 144 cases]. Rev Laryngol Otol Rhinol (Bord ) 
1998;119(2):1 19-128 

259.Samim E, Kilic R, Ozdek A, Gocmen H, Eryilmaz A, Unlu I: Combined treatment of sudden 

sensorineural hearing loss with steroid, dextran and piracetam: experience with 68 cases. Eur 

Arch Otorhinolaryngol 2004;261(4):187-190 
260.Shiraishi T, Kubo T, Okumura S, Naramura H, Nishimura M, Okusa M, Matsunaga T: Hearing 

recovery in sudden deafness patients using a modified defibrinogenation therapy. Acta 

Otolaryngol SuppI 1993;501 :46-50.:46-50 

261. Wilkins SA, Jr., Mattox DE, Lyies A: Evaluation of a "shotgun" regimen for sudden hearing 
loss. Otolaryngol Head Neck Surg 1987;97(5):474-480 

262. Wissen I, Aziz MY: [Experiences in therapy of acute labyrinthine deafness with low-molecular 
dextran, pentoxifyllin and nicotinic acid]. Laryngol Rhinol Otol (Stuttg) 1981 ;60(7):361 -363 

263. Zadeh MH, Storper IS, Spitzer JB: Diagnosis and treatment of sudden-onset sensorineural 
hearing loss: a study of 51 patients. Otolaryngol Head Neck Surg 2003;128(1):92-98 

264. Zastrow G, Arndt HJ: [Clinical aspects and therapy of sudden deafness. Data of a patient 
sample of the ear, nose, throat clinic of the Wiesbaden City Clinic 1974-1982]. Laryngol Rhinol 
Otol (Stuttg) 1987;66(5):237-241 

265. Nageris Bl, Ulanovski D, Attias J: Magnesium treatment for sudden hearing loss. Ann Otol 



42 



RontkeTherapy of hearing disorders - conservative procedures GIVIS Curr Top Otorhinolaryngol Head Necl< Surg 2005;4:Doc01 



Rhinol Laryngol 2004;113(8):672-675 

266. Ganzer, U, Albegger, K. W., Arnold, W., Biesinger, E., Brusis, T., Jahnke, K., Jaumann, M. P., 
Klemm, E., Koch, U., Lamm, K., Lenarz, T., Michel, O., Mosges, R., Probst, R., Strutz, J., 
Suckfull, M., Vasseur, M., Westhofen, M., and Zenner, H. P. Leitlinie Horsturz der Deutschen 
Gesellschaft fur Hals-Nasen-Ohren-Heilkunde, Kopf- und Hals- Chirurgie. Ganzer, U. AWMF 
online, Nr.01 7/010 . 2004 

267. Eibach H, Borger U: [Therapeutic results in acute acoustic trauma]. Arch Otorhinolaryngol 
1980;226(3):177-186 

268. Pilgramm M: [Hemodilution therapy of acute inner ear damage]. Acta Med Austriaca 1991 ;18 
SuppI 1 :60-2 

269. Pilgramm M, Schafer A, Schumann K: [Efficacy of naftidrofurylhydrogenoxalate (Dusodril) as 
adjunctive therapy of patients with acute acoustic trauma. A controlled double-blind study]. 
Laryngol Rhinol Otol (Stuttg) 1986;65(7):381-383 

270. Pilgramm M, Schumann K: Hyperbaric oxygen therapy for acute acoustic trauma. Arch 
Otorhinolaryngol 1985;241 (3):247-257 

271 .Pilgramm M: Clinical and animal experiment studies to optimise the therapy for acute acoustic 
trauma. Scand Audiol SuppI 1991 ;34:1 03-22. :1 03-1 22 

272. Maurer J, Mann WJ, Amedee RG: Calcium channel blockers for prevention of noise trauma in 
otologic surgery. J La State Med Soc 1 998 ;1 50(9) :4GG-4G5 

273. Attias J, Weisz G, Almog S, Shahar A, Wiener M, Joachims Z, Netzer A, Ising H, Rebentisch 
E, Guenther T: Oral magnesium intake reduces permanent hearing loss induced by noise 
exposure. Am J Otolaryngol 1994;15(1):26-32 

274. Gacek RR, Gacek MR: Advances in Otorhinolranygology Vol. 60: Viral neuropathies in the 
temopral bone. Karger, 2002 

275. Westerlaken BO, Stokroos RJ, Dhooge IJ, Wit HP, Albers FW: Treatment of idiopathic sudden 
sensorineural hearing loss with antiviral therapy: a prospective, randomized, double-blind 
clinical trial. Ann Otol Rhinol Laryngol 2003;1 12(1 1):993-1 000 

276. Stokroos RJ, Albers FW, Tenvergert EM: Antiviral treatment of idiopathic sudden sensorineural 
hearing loss: a prospective, randomized, double-blind clinical trial. Acta Otolaryngol 
1998;118(4):488-495 

277. Tucci DL, Farmer JC, Jr., Kitch RD, Witsell DL: Treatment of sudden sensorineural hearing 
loss with systemic steroids and valacyclovir. Otol Neurotol 2002;23(3):301-308 

278. Uri N, Doweck I, Cohen-Kerem R, Greenberg E: Acyclovir in the treatment of idiopathic 
sudden sensorineural hearing loss. Otolaryngol Head Neck Surg 2003 ;1 28(4) :544-549 

279. McCabe BP: Autoimmune sensorineural hearing loss. Ann Otol Rhinol Laryngol 1979;88(5 Pt 
1):585-589 

280. Gloddek B, Arnold W: Clinical and experimental studies of autoimmune inner ear disease. Acta 
Otolaryngol SuppI 2002;(548):10-14 

281. Ryan AF, Harris JP, Keithley EM: Immune-mediated hearing loss: basic mechanisms and 
options for therapy. Acta Otolaryngol SuppI 2002;(548):38-43 

282.Solares CA, Hughes GB, Tuohy VK: Autoimmune sensorineural hearing loss: an immunologic 
perspective. J Neuroimmunol 2003;138(1-2):1-7 

283. Lautermann J, Dehne N, Schacht J, Jahnke K: [Aminoglycoside- and cisplatin-ototoxicity: from 
basic science to clinics]. Laryngorhinootologie 2004;83(5):31 7-323 

284. Huang W, Chen Y, Zha D, Oiu J, Wang J, Sha S, Schacht J: Prevention of 
Aminoglycoside-lnduced Hearing Loss by Aspirin: Preliminary Data From a Clinical Study. 
Assos Res Otolaryngol Abs 2002;262 

285. Wimmer C, Mees K, Stumpf P, Welsch U, Reichel O, Suckfull M: Round window application of 
D-methionine, sodium thiosulfate, brain-derived neurotrophic factor, and fibroblast growth 
factor-2 in cisplatin-induced ototoxicity. Otol Neurotol 2004;25(1):33-40 

286. el Sammaa M, Linthicum FH, Jr., House HP, House JW: Calcitonin as treatment for hearing 
loss in Paget's disease. Am J Otol 1986;7(4):241-243 

287. Lando M, Hoover LA, Finerman G: Stabilization of hearing loss in Paget's disease with 
calcitonin and etidronate. Arch Otolaryngol Head Neck Surg 1988;114(8):891-894 

288. Zenner HP: Implantable hearing devices: an introduction; In: Jahnke K (ed): Middle ear 
surgery - recent advances and future directions. Stuttgart, New York, Thieme, 2004, pp 
141-160 

289. Cremers CWRJ, Smith RJH: Genetic Hearing Impairment. Basel, Karger, 2002 

290. Pfister, M. and Blin, N. Genetik der HNO-Krankheiten. Medizinische Genetik 14[1], 5-57. 2002 

291. Kennedy DW, Hoffer ME, Holliday M: The effects of etidronate disodium on progressive 
hearing loss from otosclerosis. Otolaryngol Head Neck Surg 1993;109(3 Pt 1):461-467 

292. Cheung BM, Lauder IJ, Lau CP, Kumana CR: Meta-analysis of large randomized controlled 
trials to evaluate the impact of statins on cardiovascular outcomes. Br J Clin Pharmacol 
2004;57(5):640-651 



43 



RontkeTherapy of hearing disorders - conservative procedures GIVIS Curr Top Otorhinolaryngol Head Necl< Surg 2005;4:Doc01 



293. Preyer S, Baisch A, Bless D, Gummer AW: Distortion product otoacoustic emissions in hunnan 
hypercholesterolemia. Hear Res 2001 ;1 52(1 -2):1 39-1 51 

294. Biesinger E: Die Behandlung von Ohrgerauschen. Stuttgart, Trias, 2002 

295. Feldmann H, Lenarz T, von Wedel H: Tinnitus. Grundlagen einer rationalen Diagnostik und 
Therapie. 2. ed, Stuttgart, New York, Georg Thieme Verlag Stuttgart, 1998 

296. Goebel G: Ohrgerausche ertraglich machen. Heidelberg, Urban & Vogel, 2001 

297. Goebel G: Tinnitus und Hyperakusis. Gottingen, Hogrefe, 2003. 

298.Schaaf H, Holtmann H: Psychotherapie bei Tinnitus. Stuttgart, Schattauer Verlag, 2002 

299. Lenarz, T., Arnold, W., Biesinger, E., Brinkmann, U., Ediinger, H., Ehrenberger, K., Goebel, G., 
Greimel, K. V., Knor, H., Mackinger, H., Malisa, E., Moser, M., Walger, M., von Wedel, H., and 
ADANO. Leitlinie Tinnitus der Deutschen Gesellschaft fur Hals-Nasen-Ohren-Heilkunde, Kopf- 
und Hals- Chirurgie. Lenarz, T. AMWF online 017/064 . 27-5-1998 

300. Andersson G, Baguley D, McKenna L: Tinnitus: A Multidisciplinary Approach. London, Whurr 
Publishers, 2004 

301. Jastreboff PJ, Hazell JW: Tinnitus Retraining Therapy: Implementing the Neurophysiological 
Model. Cambridge, Cambridge university Press, 2004 

302. Jastreboff PJ, Gray WC, Mattox DE: Tinnitus and Hyperacusis; In: Cummings C, Frederickson 
JM, Harker LA, Krause CJ, Richardson MA, Schuller DE (eds): Otolaryngology-Head and Neck 
Surgery. St. Louis, Mosby, 1999 

303. Tyler RS: Tinnitus Handbook. Singular Publishing Group Inc., 2000 

304. Ehrenberger K, Felix D: Receptor pharmacological models for inner ear therapies with 
emphasis on glutamate receptors: a survey. Acta Otolaryngol 1 995;1 1 5(2):236-240 

305. Simpson JJ, Davies WE: Recent advances in the pharmacological treatment of tinnitus. 
Trends Pharmacol Sci 1999;20(1):12-18 

306. Denk DM, Heinzl H, Franz P, Ehrenberger K: Caroverine in tinnitus treatment. A 
placebo-controlled blind study. Acta Otolaryngol 1 997; 1 17(6) :825-830 

307. Nelting M: Hyperakusis. Stuttgart, New York, Ggeorg Thieme Verlag, 2002 

308. Koehn W, Nickol HJ: [Sudden deafness-on the age dependence of therapy results with 
reference to naftidrofuryl (Dusodril)]. HNO 1985;33(1):36-39 

309. Nickisch A, Heinemann M, Gross M: [Drug therapy in sensorineural hearing loss in childhood]. 
Laryngol Rhinol Otol (Stuttg) 1987;66(12):664-666 

310. Nickisch A, Heinemann M, Gross M: [Different forms of drug therapy for progressive 
sensorineural hearing loss in childhood]. Laryngol Rhinol Otol (Stuttg) 1988;67(10):498-500 

31 1 .Beutter P, Guinard F, Jalbert D, Marsac A, Morin R, Sauvage JP, Soudant J: [Value of the 
administration of trimetazidine associated with hemodilution in the treatment of sudden 
deafness. Report of a multicenter study]. Ann Otolaryngol Chir Cervicofac 
1990;107(5):345-350 

31 2. Poser R, Hirche H: [Randomized double-blind study of therapy of sudden deafness. Low 
molecular weight dextran + naftidrofuryl vs. low molecular weight dextran + placebo]. HNO 
1992;40(10):396-399 

313. Dauman R, Poisot D, Cros AM, Zennaro O, Bertrand B, Duclos JY, Esteben D, Milacic M, 
Boudey C, Bebear JP: [Sudden deafness: a randomized comparative study of 2 administration 
modalities of hyperbaric oxygenotherapy combined with naftidrofuryl]. Rev Laryngol Otol 
Rhinol (Bord ) 1993;1 14(1):53-58 

314.Sano H, Okamoto M, Hirayama M, Ono Y, Nitta M: [Hearing recovery in sudden deafness with 
profound hearing loss]. Nippon Jibiinkoka Gakkai Kaiho 1998;101(6):836-840 

315. Fujino M, Hisashi K, Yashima N, Takeshita M, Fujiwara Y, Chujo K, Nakagawa T, Komune S, 
Komiyama S: Treatment of sudden sensorineural hearing loss with a continuous epidural 
block. Eur Arch Otorhinolaryngol 1999;256 SuppI 1:S18-21 

316. Gordin A, Goldenberg D, Golz A, Netzer A, Joachims HZ: Magnesium: a new therapy for 
idiopathic sudden sensorineural hearing loss. Otol Neurotol 2002;23(4):447-451 

31 7. Joachims HZ, Segal J, Golz A, Netzer A, Goldenberg D: Antioxidants in treatment of idiopathic 
sudden hearing loss. Otol Neurotol 2003;24(4):572-575 

318. Giger HL: [Therapy of sudden deafness with 02/C02 inhalation]. HNO 1979;27(3):107-109 

31 9. Goto F, Fujita T, Kitani Y, Kanno M, Kamei T, Ishii H: Hyperbaric oxygen and stellate ganglion 
blocks for idiopathic sudden hearing loss. Acta Otolaryngol 1979;88(5-6):335-342 

320. Dauman R, Cros AM, Poisot D: (Treatment of sudden deafness: first results of a comparative 
study). J Otolaryngol 1985;14(1):49-56 

321. Pilgramm M, Vestner HJ, Schumann K: [Low-molecular-weight hydroxyethyl starch or 
low-molecular-weight dextran in acute inner ear disorders? A randomized comparative study]. 
Laryngol Rhinol Otol (Stuttg) 1986;65(7):377-380 

322. Laskawi R, Schrader B, Schroder M, Poser R, von der Brelie R: [Therapy of sudden 
deafness-naftidrofuryl (Dusodril) and pentoxifylline (Trental) compared]. Laryngol Rhinol Otol 
(Stuttg) 1987;66(5):242-245 



44 



RontkeTherapy of hearing disorders - conservative procedures GIVIS Curr Top Otorhinolaryngol Head Necl< Surg 2005;4:Doc01 

323. Friedrich G, Ott E: [Prospective randomized study on tine comparative effect between 10% 
HES 200/0.5 and 6% HES 200/0.5 in patients witin Inearing loss]. Laryngorhinootologie 
1991;70(12):670-674 

324. Kanzaki J, Inoue Y, Ogawa K, Fukuda S, Fukushima K, Gyo K, Yanagihara N, Hoshino T, 
Ishitoya J, Toriyama M, Kitamura K, Mural K, Nakashima T, Niwa H, Nomura Y, Kobayashi H, 
Oda M, Okamoto M, Shitara T, Sakagami M, Tono T, Usami S: Effect of single-drug treatment 
on idiopathic sudden sensorineural hearing loss. Auris Nasus Larynx 2003;30(2):123-127 

325.Sakata E, Nakazawa H, Iwashita N: [Therapy of tinnitus. Tympanic cavity infusion of lidocaine 
and steroid solution]. Auris Nasus Larynx 1 984;1 1 (1 ):11 -1 8 

326. Atkins D, Best D, Briss PA, Eccles M, Falck-Ytter Y, Flottorp S, Guyatt GH, Harbour RT, 
Haugh MO, Henry D, Hill S, Jaeschke R, Leng G, Liberati A, Magrini N, Mason J, Middleton P, 
Mrukowicz J, O'Gonnell D, Oxman AD, Phillips B, Schunemann HJ, Edejer TT, Varonen H, 
Vist GE, Williams JW, Jr., Zaza S: Grading quality of evidence and strength of 
recommendations. BMJ 2004;328(7454):1490 

327. Zenner HP. A Systematic Classification of Tinnitus Generator Mechanisms. Int Tinnitus J. 
1998;4(2):1 09-113 

328. Plontke S, Siedow N, Hahn H, Wegener R, Zenner HP, Salt AN (2004) 1 D- und 
3D-Gomputer-Simulationen zur Versuchsplanung und -Interpretation bei pharmakokinetischen 
Studien am Innenohr nach lokaler Medikamentenapplikation. ALTEX 21 , SuppI 3: 77-85 




Figure 1: Ectopic, newly generated hair cells in the mammalian cochlea after Math1 gene 
transfer 



Scanning electron microscopic images after in vivo inoculation of an adenovirus vector containing the 
Mathi gene (Ad.Math1.11D). The image reveals an ectopically located, regenerated hair cell in the 
area of the interdental cells of the limbus in the cochlea of the guinea pig. The hair cell features a well 
developed stereocilia bundle architecture. Even if hair cells should arise at micromechanically 
suboptimal points in the inner ear, this can lead to at least a partial restoration of hearing (see text). 
Scale bar: 2|jm. From: Kawamoto et al. 2003 [118], © 2003 by the Society of Neuroscience, with kind 
permission of the author and publisher. 
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Figure 2: Generation of hair cells from embryonic stem-cells 

Transplanted precursor cells of hair cells are integrated into the sensory epithelium and differentiate to 
become hair cells. The cylindrical hair cells (here in longitudinal section, and in green) feature bundles 
of sensory hairs (yellow, F-actin and epsin, superposed confocal images). From Li et al. 2003 [126], 
PNAS, © 2003 National Academy of Sciences, USA, with kind permission of the author and 
publishers. 
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Figure 3: Principles of substance distribution in tlie inner ear 

A: Cross section through the guinea pig cochlea and section of one turn. IVI: modiolus, ST: scala 
tympani, SV: scala vestibuli, EL: endolymphatic space. The "radial processes" considered in the 1D 
and 3D computer models take account of the exchange between the different compartments (scalae) 
and the clearance from the scalae /vestibulum into the body's blood circulation or into the modiolus. 
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B: Depiction of "rolled up" cochlea and vestibulum: amongst the "longitudinal processes" include the 

geometric dimensions of the scalae, diffusion along the scalae, the helicotrema and into the 
vestibulum (V) and with local application to the middle ear (IVIO) the entry of substance through the 
round window membrane (RF). (after Rontke et al. 2004 and 2002, © Elsevier (a) and Otology & 
Neurotology Inc., with kind permission [177, 328]). 
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Figure 4: Glucocorticoid concentrations in the cochlea in animal experimental studies 

A: Data from two similar animal-experimental studies imply large variations in the perilymph 
concentrations of locally applied glucocorticoids (Bachmann et al. 2001 and Parnes et al. 1999,[138, 
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160]). As such the clinical usefulness of these findings is very restricted. 

B: After considering the experimental differences between the two studies in the computer simulation, 
particularly regarding the artefacts from the sampling techniques, the pharmacokinetic profiles from 
the two studies could almost be brought to agreement (Rontke and Salt 2003, [183]). Consistent with 
model forecasts the concentrations in the basal turn in the guinea pig (B) appear to be similar to those 
in the basal turn of the human cochlea (C), since the diameters of the basal turn and the size of the 
round window membrane only differ a little. However, because of the longer length much lower 
concentrations are expected in the middle and apical turns in the human cochlea (C). 




Figure 5: Location- and time-dependent metliyl-prednisolone concentration in tlie scala 
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tympani after intratympanic application 

Calculation of methyl-prednisolone concentration in the scala tympani of the guinea pig cochlea after 
single application without volume stabilization reveals high peak concentrations at an early stage after 
the onset of application. The marked baso-apical concentration gradient is clearly recognizable. An 
even concentration distribution in the cochlea is first achieved only very late on and at a very low level 
(blue) compared to the peak concentration (red). The target structure in the cochlea, the relative 
vestibular-cochlear toxicity and the therapeutic range/index of the medication must therefore be 
considered especially with local application of medication to the round window membrane (data from 
Hontke and Salt 2003, [183]). 




Figure 6: Baso-apical concentration gradient for different species 

Since the longitudinal distribution of substances is determined essentially by diffusion and clearance, 
the concentration gradients depend on the length of the diffusion pathway, i.e. the length of the 
cochlear scalae. It can therefore be assumed that concentration gradients in larger cochlea are more 
extreme. This fact must be considered if the results from animal experiments involving different 
species are to be applied to the human situation. It is entirely conceivable that a substance applied to 
the round window membrane of the murine inner ear experiences no problems in gaining access to 
the apicocochlear area, while with the same application protocol in man effective medication levels 
may only be found in the basocochlear region. 
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Figure 7: Concentration gradients in the cochlea for two different application strategies 

According to the exemplary calculations with a 3D computer model for substance distribution in the 
inner ear, short-term application for 30 min (A) shows clearly larger concentration gradients between 
basal and apical sections of the cochlea than does continuous drug application to the round window 
membrane in a saturated range (B). A concentration profile is also revealed in the cross-section that 
can not be registered using a 1D model. The numerical data in the legend displays the standardised 
concentrations, (from Rontke et al. 2004, © Elsevier) [328] 

buffer/heparin; pH 4,85 
25ml/min 




H2O LDL-precipitate 
25 ml/min 

Figure 8: Acute hearing loss therapy by extracorporeal fibrinogen reduction 
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With H.E.L.P. apheresis (heparin-induced extracorporeal lipoprotein fibrinogen precipitation, B.Braun, 
Medizintechnologie GmbH, Germany) LDL, lipoprotein (a) and fibrinogen is precipitated and filtered 
out at an acid pH of 5.12 in the extracorporeal plasma circulation using heparin. The filtered plasma 
then passes a heparin adsorber and a dialyzer to remove the buffer. The reduction in 
high-molecular-weight plasma proteins achieved this way improves the rheological properties of the 
blood. 




Figure 9: Individual, tinnitus-associated activation maxima in the cortex 



In order to achieve individual activation patterns associated with tinnitus perception in the cortex, PET 
images without tinnitus perception (suppression by i.v. lidocaine dosing) are subtracted from images 
obtained while tinnitus is being perceived. In this way it is possible to focus magnetic-stimulation on 
the individual, tinnitus associated activation maxima detected in the "on-off" PET studies (with kind 
permission of Dr. med. C. Rewnia and Dr. med. M. Reimold, Tubingen). 
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Figure 10: Neuronavigation guided transcranial magnet stimulation to modify the perception of 
tinnitus 



Neuronavigation devices (e.g. BrainsightTM-Frameless, Magstim Co., Whitland, GB) allow the 
individual guidance of a TMS stimulation coil to a target identified by imaging (e.g. fMRT, PET, see fig. 
10). In this way a targeted stimulation of predefined cortical areas is permitted (with kind permission of 
Dr C. Rewnia, Tubingen). A routine application of this procedure for tinnitus treatment is not justified 
on the basis of data obtained up until now. 
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High-frequency hearing loss 



Low-frequency hearing loss 



Mid-frequency hearing loss 




Glucocorticoids* 
lonotropic therapy 
Rheological therapy 

Pancochlear hearing loss 



0,25 0.5 
Glucocorticoids' 

Osmotherapy, perhaps Glycerin-Bolus 
Profound hearing loss / anacusis 




0.25 0.5 1 
Glucocorticoids* 

Osmotherapy, perhaps Glycerin-Bolus 

Other types 

Glucocorticoids 

all other therapeutic strategies 



kHz 

Glucocorticoids* 

Rheological therapy. Antioxidants 
Apheresis (if Fibnnogen > 300 mg/dl) 
If therapy failure; osmotherapy 



0.25 0.5 1 

kHz 

Rheological therapy, 
Glucocorticoids, Antioxidants 
Apheresis (if Fibrinogen > 300 mg/dl) 
Tympanoskopy to exclude for perilymph fistula 



Figure 11: Acute hearing loss guidelines of the DGHNO (2004): differential therapy of idiopathic 
sudden sensorineural hearing loss according to the audiogram type 

Therapeutic recommendations for the differential treatment of acute, idiopathic impaired hearing 
according to the "acute hearing loss guideline" of the German Society for Otorhinolaryngology and 
Head & Neck Surgery (excerpts cited with the kind permission of the DGHNO) [266]. 

*With minor hearing loss the committee considers that an initial therapy with glucocorticoids alone over 
3 days is feasible. If successful it should be continued circumstances permitting. Hyperbaric 
oxygenation is quoted in the guideline as a possible therapy for ISSNHL treated unsuccessfully by 
other means, and the guideline also recommends that the procedure be tested in prospective, 
randomised clinical studies. 
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Table 1: Controlled clinical studies on the treatment of Idiopathic sudden sensorineural hearing 
loss (systemic drug application) 









Drug 
delivery 


L/Et 




A) Hearing-loss 












^ilwprctpin ot al 

199B,[1471 


nifFoFPni raiicpc finrliirlinn Mpniftrp'c 

^llldclll ^GlU^Cd ^IIIUIUUIIIM lfl0MIOIO 9 

disease 22x), of which 8x with 
ISSNHL 


MP (9) 
Dexa (29) 
MP+Dexa 


IT 

II y\f) 
IT-VS(29) 


IV 


Pnco cpripc miiltinlp IT inio'rfihnc frpncfirrnnanippllv cniYipfimPC nn 

gelfoam or a wick 
ISSNHL: 2/8 patlentsT 

Tinnitus improvement in 47 % of the patients (mostly with Meniere's 

disease) 


Parnes et al. 
igg9,[13B] 


Different causes, including 13 x 
ISSNHL 


MP (17), 
Dexa (20) 


IT 


IV 


Case series, multiple IT injections, 

ISSNHL 7 patients t, 6 patients Dexa: 2/4 patients MP: 

5/9 patients t) 

All patients: 13/371 


Gianoli and Li 
2001,11321 


ISSNHL, 

failure (22x) or incompatibility (1x) of 
standard therapy (ylucocorticoids 

P.O.) 


MP (12), 
Dexa (11) 


IT 


IV 


Case series, 

4 IT injections within 10 to 14 days, 
From all patients: 10/23 T 


Chandrasekhar, 
in 2001 ,[131] 


Different causes 


Dexa (10) 


IT 


IV 


Case series, 
1-15 IT injections. 
From all patients: 8/10 T 


2001 ,[1361 


Difffirsnt C3US65 includtriQ ISSNHL 
5x (severe to profound), failure of 

standard therapy (glucocorticoids 

p.o) 


MP £9) 


RWC 


IV 


Case series 

Treatment beginning within 6 weeks after event: 6/B patients t 
Treatn^ent beginning more than 6 weeks after event: 3/3 patients 


LGfsbvrfi 3ncl 

Staecker, 

2002,1137] 


ISSNHL (s6v6r6 to profound) f^ilurs of 
standard therapy (glucocorticoids i.v. 
/p.o. + naftidrofuryl + heparin + 
diazepam +carboqen) 


MP (B) 


RWC 


IV 


C s e series 

E/E patients t , in particular improvement with speech discrimination 


Ho et al. 
2004,1134] 


ISSNHL (severe to profound), failure of 
standard therapy (glucocorticoids p.o. 
+ vasLiiJilatot + vitamin B +'diazepam 

+ carbijgeni 


Dexa (15) 
control (14) 


IT 


lb 


Randomised, prospective, controlled therapy comparison study, 
IT injection 1 xAweek for 3 weeks, 
IT-Dexa: 8/15 patients T, 

Control (continuation of modified standard therapy: vasodilatator + 

vitamin B + diazepam): 1/14 patientst (p<G.05) 


Gouveris et al. 
2005, [133] 


ISSNHL (severe to profound), failure of 
standard therapy (glucocorticoids i.v 
and rheotogical therapy) 


Dexa (40) 


rr-vs 


IV 


Case series, IT Dexa in hyaluronic acid, 

Pantonal hearing-loss: pantonal improvement. 

Severe to profound hearing loss, and high-frequency hearing loss: 

Improvement in certain fi'equenctes 


Plotitke et al. 
2005,[199] 


Different causes, including ISSNHL 
18x (ISSNHL (severe to profound, and 
anacusis), failure of standard therapy 
(glucocorticoids i.v + rheological 
therapy + alpha-liponic acid) 


MP (B), 
Dexa (17), 
control ^3) 


RWC 


He 


Retrospective cohort study. 

With exclusion of patients with anacusis (non-measurable hearing 
loss): Local therapy: improvement of 19 dB ^5 % CI: 6, 32. n=14) 
Control group (no further therapy): 5 dB (95 % CI: -2, 11 , n=14), 

(p<0.05) 


Lautermarrii et al. 
20CE:[20a] 


Acute hearing loss (high-grade and 
deafness), start of additional 
intratympanic therapy immediately 


MPtl^. 
control t1 4) 


rr 


lib 


Prospective cohort study (add-on study). 

Standard therapy (glucocorticoids i.v + rheological therapy): 8/13 t; 

all: hearing improvement 13 dB 

Additional local therapy: 4/14 I, all: improvement 10 dB, 
no statistically significant difference between the groups 


B) Meniere's disease^ 


Q Subjective ^^^^^^^^^^^^^^^^^^^^^^__^^^^J 


Sakata et al. 
1984,(325] 


Tinnitus wAh different inner ear 
disorders of difflarent duration 


Lidocaine (220), 
Dexa (138) 


IT 


IV 


Case series, 

Lidocaine:168 patients, 220 ears: 76/220 almost no tinnitus anymore 

Side effects: temporary hearing deterioration, 

Dexa: 109 patients (138 ears): 87/138 no tinnitus anymore. 


Coles et al. 
1992, [144] 


Chronic, therapy-resistant tinnitus 


Dexa (B) 
lidocaine (5) 


IT 


IV 


Case series, 

no essential tinnitus change. 

Side effects: pains and vertigo for several hours after the iniection 


Sakata et al. 

1997,(145] 


Tinnitus with differeht ihrier ear 
disorders 


Dexa 

(3,978) 


IT 


IV 


Case series (n==3,978 ears amongst 3,041 patients). 

Tinnitus improvement 75 % immediate, 68 % still after 6 months, 

particularly successful for tInnHus associated with Meniere's disease 


Shulmann and 
Goldstein. 2000, 
[1461 


Chronic tinnitus 


Dexa (3), 

hydrocortisone 

(7) 


IT 


IV 


Case series 

7/1 0 patients: tinnitus Improvement enduring more than 1 year 


Cesarini et al: 
2002;[i43] 


Subacute and chronic tinnitus 


Dexa 1^0) 


IT 


IV 


Case series, transtympanic Injection Jit rrionthly pver3 months, 
17/50 patients: no tinnitus anymore, 20/50 patients t, 

13/50 patients - 


Schwab et al. 
2004 ,[149] 


Therapy-resistant tinnitus, chronic, 
with chronic sensorineural hearing 
loss 


Lidocaine (4), 
glutamate (4), 
glutaminate 
diethylester (4), 
caroyerine (4), 
0.9 % saline (4) 


RWC 


lib/ 
IV* 


Randomised, prospective, placebo-controlled cross-over study, 
Statistically no significant differences between the groups, 
tendentlally the best results were for caroverine and with young 
patients with a shorter tinnitus history, no lasting therapeutic 
success, *no confidence ranges specified, small group size (n=4) 



therapy of peripheral vestibular disonlers by local drug application, especially intratympanic gentamlcin for Meniere's disease, is not described in any more detail. For this 
purpose see the contribution by Walther In this volume. 

MP: methylprednisolone, Dexa: dexamethasone, IT: intratympanic, IT-VS: intratympanic volume stabilised, RWC: continuous application via a round window catheter, Pat.: 

patients, L/E: "Level of Evidence", N: Number of patients, t improvement,^ no change 

tThe assessment of the level of evidence (U'E) Vvas carried out according to the u,:;fuid Centre fur Evidence-based Medicine (OCEBMj document "Levels of Evidence ant 
Grades of Recommendation 1999", (http://www.cebm.net/levels_of_evidence.asp). The recommendations derived from the OCEBM levels of evidence (grades A to D) primarih 
consider the medical aspects of efficacy. Economic, practical and risk aspects are not or barely considered in the recommendations. Many "levels of evidence" hierarchle; 
have been proposed, although not one is completely satis^ctory, with each featuring its own problems and being targeted to a different audience: e.g. physicians, politicians 
health management officials. For this reason an Intemational group (the GRADE team) has developed an alternative system (http://Vvww.gradeworkinggroup.org/) that al3( 
weighs up the risks and benefits as well as the costs and benefits. However, It is considerably more complicated than any of the others are. An up-to-date review can bi 
found in the British Medical Journal [326j. 



56 



RontkeTherapy of hearing disorders - conservative procedures GIVIS Curr Top Otorhinolaryngol Head Necl< Surg 2005;4:Doc01 



Table 2: Intratympanic drug application for the therapy of Inner ear disorders (selection of 
clinical applications) 







Acoustic 


Acute anacusis 


"Acute ^liftus 


Chronic tinnitus./ 


Guidetihel' 


Remarks" 


■i 




"blood flow 

promoting 

drugs" 


Antioxidants 


Others 


trauma 


Therapy 


Tympanoscopy 

7 




hyperacusis 






Australa 


rag. 


Reg., 

(betahistin) 

P.DJI.V. 


No 


reg., 

(famciclovir, 
aciclovir) 


Wait 


as ISSNHL 


sel. 


as ISSNHL + 

psych. 


psych. 


no 




Brad 


alvvays (p. o. 

prednisolone) 


sel. 

(pentoxifylline) 


No 


always (p. 

0. 

valaciclovir) 


(prednisolone) 


as ISSNHL 


sel. 


as ISSNHL + 
clonazepam 


med.+psych,/ 
"hearing therapy" 
+ psych. 


no 


"Consenaji n\aelirig " 

planned 2005 


Canada 


reg. (p. o. 

prednisone), 
occasionally 
intratympanic 


sel. (p. 0. 
betahistin) 


No 


sel., 

aciclovir 


no 

glucocorticoids 


as ISSNHL 


sel. 


med.+psych. 
(e,g, tricyclic 
antidepressants) 


psych. 


no 




Ec uador 


i,preeJnisone) 


always 
(nimodipine) 


No 


reg. 

(aciclovir) 


as ISSNHL 


as ISSNHL 


sel. 


as ISSNHL 


psych. 


yes 




Honduras 


almost always 

(dexaor 

rnethylpred 

sometimes 

betamethasone), 


always, 

pentoxHyline, 

sometimes 

fhjnarizin. 

nimodipine 


No 


arginine 

aspartate 


as ISSNHL 


as ISSNHL 


no 


pentoxifylline, 
flunarizin 


Sometimes 

anxiolytics/ none 


no 


"Therapy dependent on 
whether petierts can 
afford the medications" 


Honkong, 
CNna 


Eilways (p..o. 
prednisone), in 
hosptal 


always (i.v. 
pentoxHyline) 


No 


No 


as ISSNHL 


as ISSNHL 


sel. 


as ISSNHL 


psych. 


yes 


Carbogen inhalation 
planned as an 
Erfternative for acute 
hearing loss therapy 


Israel 


reg. (dexa), i.v. + 
sal. intratympanic, 
in liosptal 


reg. (p. o. 
pentoxiphyllin, 
carbogen 
inhalation) 


No 


sel. 

(aciclovir) 


No details 


as ISSNHL 


sel. 


psych. 


psych. 


No 




taly 


reg., rnethylpred. 


sel.. acetyl 
salicylic acid 


No 


reg., 

(aciclovir) 


as ISSNHL 


as ISSNHL 


sel. 


no therapy 


psych. 


No 




Japan 


reg. Cl.v., 
sometimes 

intratympanic). In 
hospital 


reg., I.v. 


sel., p. 0. 


No 


as ISSNHL 


as ISSNHL 


sel. 


med., no details 


med.+psych. 


no 




Croatia 


Always 

i; rnethylpred), in 

hospital 


always (6 % 
HES) 


No 


Sel. 

(aciclovir) 


as ISSNHL 


as ISSNHL 


sel. 


med. 

(pentoxifylline, 
Vit. B6) 


no therapy 


yes 




Lithuania 


always (p. o. 
prednisolone), in 
hospital, reg. HBO 


always (p. o. 
pentoxifylline) 


No 


Sel, (i.v, 
dextran) 


as ISSNHL 


as ISSNHL 


sel. 


as ISSNHL 


med.+psych./ no 
therapy 


no 




Mexico 


always (dexa), in 
Puspial, i.v. 


i.v., nimodipine 


No 


No 


as ISSNHL 


as ISSNHL 


never 


as ISSNHL 


med., no details 


no 


"Therapy dependent on 
age. illness onset", (no 

details) 


hMhertands 


always (p. o. 
prednisolone) 


No 


No 


sel. (no 
details) 


as ISSNHL, 
sometimes 
calcium channel 
blockers 


as ISSNHL 


sel. 


as ISSNHL 


psych. 


no details 




Swttzerland 


reg.,p.D. 


Sel., p. 0. 


No 


sel. 


as ISSNHL 


as ISSNHL 


sel. 


as ISSNHL 


psych. 


no 


Tt eattnent 

t ir liTf-rt-ill 1 r- 
i-f r 1 t 
\ f it-il ill r -itH 
mute with ieveteto 

profound hearing-loss, 
tympanoscopy in cases 
with pressure (baro) 
trauma, regional 
differences particularly 
with tinnitus 


South 
Africa 


reg. (p. o. 
prednisolone, 
prednisone, 
rnethylpred.), in 
hospital/ambulant 


reg. (p. o. 
betahistin, 
ncotinic add) 


No 


reg. 

(aciclovir, 
valaciclovir) 


as ISSNHL 


as ISSNHL 


sel. 


as ISSNHL 


med.+psych, (no 
details) 


no 


Therapy deperxlent on 
the insurance status 


Spain 


always (i.v. 
hydrocortisone), 
in hospital. 


reg.. no 
details 


No 


sel, 

(aciclovir) 


as ISSNHL 


as ISSNHL 


sel. 


med., no details 


no therapy 


yes 




Tunisia 


always (i.v. 
hydrocortisone), 
in hospital 


always (i.v. 

pentoxifylline, 

piracetam) 


No 


sel. (i.v. 
aciclovir) 


as ISSNHL] 


as ISSNHL 


sel. 


med. (as 
ISSNHL, 
however, P.O.) 


med, (no details)/ 
none 


no 





Resuls from a questionnaire mailed out to the ENT-socleties of all countries regardhg the Inner ear disorder therapy that is customarily practiced. Since regional differences atso exist In treatment within 
countries, the information should be considered to be of only limited representative vcdue. CoinMes not mentioned cU not respond to tills questionnaire. 

med.: drug-based; psych : psychosomatic/ psychological intervention; reg: regular, set: setected cases ; dexa: dexamethasone; meth^^pred.: methylprednisDlone^ Mrstymp.: IntrstynqKinlc 
Treatment is ambulant (out patient) unless staled as being "in hospital". 



Table 3: Conventional treatment of acute and chronic inner ear disorders in different countries 
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Counselling 


Phsrmjicoloyicsl 
therapy 


Hearing aid 


Therapy of 

cervical 
column/ TMJ 


Ambulant 
TRTJiDANO/ 
TOT by team 


Hospital-based, 

complex, 
psychosomatic 
therapy by 


According to time couise 














A) Acute 










According to severity' 


B) Subacute 


X 




(X)' 


00' 


C) Chronic 


X 






M* 


According to ssverity 














1) Well compensated," hardly any 
suffering 


X' 






(X)' 






II) Compensated, slightly disturbing 


X' 












lll.i Decurriijensated, tinnitus hardly 
bearable, perhaps psychological 
comorbidity 


X 




Q<f 




X 




IV) Completely decompensated, 
extreme suffering, usually 
psycholoqical comorbidity 


X 


(X)' 




(X)» 


(X) 


X 



'Tinnitus counselling should be provided to all patients seeking consultation for tinnitus irrespective of the course and severity of the tinnitus. With a completely 
decompensated tinnitus (IV), counselling and other interventions are pn]viij.edss constituents of a.csmplex pyschosomatic thsrapy. 

^Pharmacological therapy with decompensated tinnitus also includes if necessary an anxiolytic and antidepressive drug-based tKerapy as support fijr the psyehotherapeutic 

intervention 

•'If the audiometry indicates this an early fitting with a hearing-aid is recommended which in most cases positively affects the tinnitus. 
'With diagnosed pathologies of the tempore manidibular joint (TIVlJ) and the spinal column, therapeutic intenfentions are indicated. 
'For acute or subacute tinnitus, a hospital-based therapy (ri.ay be necessary b9Ci^is,ettif the . ssverity of ttie disorder in .select 

"Certain elements of a cognitive-behavioural psychological therapy as a sfibrt-terfh'iriterventibh are also feasible with a still cbhnpehsated chronic tinnitus aniJ can be 

considered as a preventive measure to avoid decompensation 

Table 4: Grading scheme of outpatient and hospital-based tinnitus therapy (according to 
TRT-ADANO, from Wedel 2000 [219]) 
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